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more  severe  intrahepatic  hemorrhage  and  shoch. 
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occur  before  large  reductions  in  mean  aortic  pressure.  Reductions  in  hepatic 
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hr,  the -serum  arginase  activity  ot  a  pig  given  a  lathal  ZV  dose  (24  ug/kg)  was 
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Itiver  weights  increased  Sl%  and  Icidney  weights  20%  within  200  minutes  of  an 
i.p.  MCfST-A  in  naive  sdLce.  Administration  of  a  MCTS7-A 

resultad'^^  significantly  increased  survivability  and  survival  when  an 


min  of  MCfST-A  was  given  3  days  latar.  Survivors  were  weak,  recumbent, 
anorexic,  and  jaundiced  and  had  marked  gross  liver  lesions.  Histologically 


these  lesions  were  undergoing  a  rapid  reparative  process. 


After  injection  of  antx-a(s),  no  inhibition  of  brain  cholinestarase  (ChH)  was 
observed  in  mice.  ChE  in  plasma,  red  blood  cells,  and  diaphragm  tissue  were 
inhibited  longer  than  with  pyridostigmine  but  similar  to  paraoxon.  R8C  ChS 
was  highly  susceptible  to  persistent  in  vivo  inhibition  by  antx-a{s). 

Ethanol  acidified  with  acetic  acid  and  2  concentrations  of  trifluoroacetic 
acid  were  evaluated  for  extraction  of  antx-a(s)  in  place  of  gei.. filtration.  .  .. 

The  3  new  extraction  solvents  decreased  pigments  in  t.he  extracts.  Extracts 
obtained  with  acidified  ethanol  had  50%  more  activity  than  those  obtained  with 
trifluoroacetic  acid.  With  the  Amberlite  ZR?  €4  column,  approximately  80% 
pure  ant.x-a(s)  was  obtained.  Using  purified  antx-a(s),  the  equilibrium 
(k^) ,  "phosphorylation"  (k.) ,  and  inhibition  (k.)  constants  for  inhibition  off 
electric  eel  and  human  arythrocyte  ChEs  were  determined.  Data  were  consistent 
with  formulation  of  a  reversible  Michaelis  coxBplex  followed  by  an  irreversible 
complex.  Antx-a(s)  was  BX>re  potent  than  OFR.  The  toxin  was  a  more  potent 
inhibitor  of  human  erythrocyte  ChE  as  coaf>ared  to  electric  eel  ChE. 
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FOREWORD 

In  conducting  research  using  animals,  the  Investlgator(s)  adhered  to  the 
"Guide  for  the  care  and  Use  of  Laboratory  Animals."  prepared  by  the  Committee 
on  care  and  Use  of  Laboratory  Animals  of  the  Institute  of  Laboratory  Animal 
Resources  Commission  on  Life  Sciences.  National  Research  Council  (OHHS.  PHS. 
NIH  Publ-'catlons  No.  86-23,  Revised  1985). 

Citations, of  comeerclal  organizations  and  trade  names  In  this  report  do 
not  constitute  an  official  Department  of  the  Army  endorsement  or  approval  of 
the  products  or  services  of  these  organizations. 
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♦NUMMARY 

need  to  conserve  toxin  and  the  goal  of  creating  a  model  for  naturally 
occurring  toxicosis  caused  us  to  evaluate  the  oral  administration  of 
mIcrocystIn-A  (MCYST-A)  to  rodents.  But  In  practice,  purified  MCYST-A  has 
demonstrated  low  acute  toxicity  when  administered  to  laboratory  animals  by  the 
oral  route.  Development  of  an  Ijn  vivo  Isolated  Intestinal  loop  preparation  in 
the  rat  has  provided  a  model  system  for  Investigating  the  enteric  absorption 
site  of  MCYST-A  on  toxicity.  Using  this  system,  MCYST-A  toxicity  was  observed 
to  be  greater  from  the  Ileum  than  the  jejunum  as  measured  by  Increased  liver 
weight.  Also,  cholestyramine  was  evaluated  is  a  therapeutic  agent  and  found 
to  decrease  the  toxicity  of  MCYST-A  when  administered  with  the  toxin  Into  the 
Isolated  Ileal  loop  preparation.  Pancreatic  enzymes  and  protein-binding  were 
examined  as  2  possible  causes  for  the  low  oral  toxicity  of  MCYST-A. 
Pancreatic  enzymes  added  to  MCYST-A  In  the  Ileum  or  Incubated  with  the  toxin 
before  Introduction  Into  the  Heum  lowered  Its  toxicity.  Addition  of  bovine 
serum  albumin  to  MCYST-A  placed  ’n  the  Isolated  Ileal  loop  caused  a  similar 
reduction  In  toxicity  suggesting  that  nonspecific  protein-binding  may  play  a 
role  In  the  tolerance  of  laboratory  animals  to  orally  administered  toxin.  ^c^Lior  i 
Methodology  for  the  extraction  of  MCYST-A  from  algae  cells  has  been 
Improved.  Separation  on  an  OOS  column  followed  by  silica  gel  separation  and 
normal  phase  silica  gel  thin-layer  chromatography  with  2  detection  reagents 
and  reverse  phase  HPLC  with  UV  detection  at  238  nm  Is  now  being  used.  The 
combination  of  reversed  phase  and  normal  phase  separations  excludes  more  of 
the  co-existing  contaminants  In  toxin  fractions  than  did  previous  methods. 

This  procedure  also  eliminates  costly  and  time  consuming  gel  filtration  steps. 

This  method  has  been  used  to  produce  purified  toxin  equivalent  to  0.2%  to  0.3X 
of  the  weight  of  lyophlllzed  cells  In  3  to  4  days. 
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The  contribution  of  the  unsaturation  present  In  the  N-methyl 
dehydroalanine  residue  to  toxicity  was  determined  for  MCYST-A.  Selective 
saturation  at  this  site  resulted  In  a  SOX  reduction  In  toxicity  as  assessed  by 
Increases  of  liver  weight  In  mice.  A  decrease  of  75X  was  observed  for  a 
similar  saturation  of  the  N-methyl  amlnobutyric  acid  of  Nodular  la  toxin  (1986 
annual  report).  These  results  verify  the  Importance  of  the  dehydroamino  adds 
In  the  toxicity  of  algal  cyclic  peptide  hepatotoxins. 

Preliminary  experiments  to  extract  HCYST-A  from  swine  urine  and  plasr.a 
have  been  performed.  MCYST-A  was  added  to  plasma  and  urine  at  10  pg/ml  and  20 
pg/ml ,  respectively.  The  plasma  and  urine  were  then  subjected  to  separation 
by  Bond  Elut  (ODS)  columns  washed  with  water,  then  15X  methanol  In  water,  and 
the  toxin  was  eluted  with  methanol  and  analyzed  by  HPLC.  Filtration  through 
Aero  0.2  Jim  membrane  filters  was  used  to  remove  Insoluble  protein  precipitates 
in  plasma  extracts  before  analysis  by  HPLC.  Recovery  from  urine  was  92X  and 
from  plasma  63X.  This  technique  Is  now  being  applied  to  urine  from  swine 
dosed  with  MCYST-A. 

Mobile  phases  have  been  developed  to  achieve  separation  of  MCYST-A  from 
MCYST-B.  These  phases  are  methanol— 0.05X  trifluoroacetic  acid  In  a  ratio  of 
6:4;  or  methanol— 1M  sodium  sulfate  In  a  ration  of  1:1.  This  separation  will 
enable  the  use  of  MCYST-8  as  an  Internal  standard  for  MCYST-A  for  both  methods 
development  and  metabolism  studies. 

Radlolabeling  of  MCYST-A  with  or  by  addition  of  labeled  glutamir 
acid  to  the  growth  media  of  MCYST-A  has  been  accomplished.  A  proportional 
relationship  between  the  amount  of  labeled  glutamic  acid  and  the  resultant 
specific  activity  of  the  toxin  produced  was  observed.  Incorporation  of 
tritlated  L  glutamic  acid  resulted  In  toxin  with  a  lower  specific  activity 
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than  incorporation  of  D-L  mixtures  of  ^^-labeled  glutamic  acid.  This 
addition  of  isotopically  labeled  glutamic  acid  to  growth  media  for  production 
of  radioactive  labeled  toxin  provides  an  alternative  to  synthetic  labeling. 

Transmission  electron  microscopy  has  revealed  hepatic,  renal,  and 
pulmonary  u1 trastructural  changes  occurring  in  rats  as  a  consequence  of 
MCYST-A  toxicosis.  Primary  ul trastructural  lesions  observed  after  MCYST-A 
administration  Include  changes  in  the  plasma  membrane  of  hepatocytes  and 
coincide  with  the  hepatocyte  dissociation  and  rounding  observed  by  light 
microscopy.  Changes  in  the  plasma  membrane  of  hepatocytes  occur  within  10 
minutes  of  Intraperl toneal  administration  of  a  lethal  dose  of  MCYST-A.  These 
initial  ul trastructural  changes  could  be  due  to  prima»‘y  effects  on  the  plasma 
membrane  or  some  component  of  the  cellular  cytoskeleton.  The  fact  that 
hepatocyte  changes  precede  all  other  ul trastructural  alterations  observed  in 
this  organ  suggests  that  this  cell  is  a  primary  site  of  action  and  that 
sinusoidal  endothelial  damage  occurs  secondarily.  The  differences  in 
sequential  hepatic  ul trastructural  changes  observed  in  »‘ats,  compared  to  those 
reported  for  mice,  provide  a  possible  explanation  for  the  longer  survival  time 
of  rats.  Sinusoidal  endothelial  disruption  advances  more  rapidly  in  mice  than 
in  rats  permitting  more  severe  intrahepatic  hemorrhage  and  an  earlier  onset  of 
terminal  circulatory  shock. 

Hepatic  and  renal  perfusion  in  swine  following  administration  of  a  lethal 
or  sublethal  toxic  dose  of  MCYST-A  are  being  measured  using  the  temperature 
pulse  decay  method.  Aortic  diastolic  and  systolic  pressures  and  mean  venous 
pressure  in  the  Jugular  and  portal  vein  are  also  being  monitored.  Preliminary 
analysis  of  the  data  indicates  an  increase  in  portal  venous  pressure  occurring 
prior  to  the  large  fall  in  mean  aortic  pressure  in  animals  administered  a 
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lethal  dose  of  MCYST-A.  Reductions  in  hepatic  perfusion  In  pigs  given  lethal 
doses  tend  to  occur  before  the  decline  in  renal  perfusion  and  mean  aortic 
pressure. 

The  arginase  activity  In  12  tissues  and  serum,  serum  arglnase  half-lifa, 
and  increases  in  serum  arginase  activity  following  IV  administration  of  a 
sublethal  and  lethal  dose  of  MCYST-A  in  swine  were  determined.  Mean  tissue 
arginase  activity  of  6  swine  measured  by  a  direct  colorimetric  method  were  as 
follows:  liver  34.01,  pancreas  5.43,  kidney  3.24,  salivary  gland  0.52, 

jejunal  mucosa  0.47,  quadriceps  0.10,  and  all  other  tissues  (lung,  diaphragm, 
brain,  adrenal,  spleen,  and  heart)  were  equal  to  or  less  than  0.03  lU/g.  The 
mean  serum  arginase  activity  in  these  6  swine  was  2.29  lU/L.  Following  ar.  IV 
injection  of  2.0  ml/kg  of  a  porcine  liver  extract  containing  145  lU  arginase 
activity/ml,  the  serum  arginase  half-life  was  128.5  minutes  in  a  gilt  and  85.8 
minutes  in  a  barrow.  MCYST-A  Induced  marked  increases  in  serum  arginase 
activity  which  wore  dose-dependent  with  respect  to  latency  and  magnitude.  The 
serum  arginase  activity  exceeded  240  lU/L  14  hours  after  a  sublethal  IV  dose 
<16  pg/kg)  of  MCYST-A,  and  returned  to  near  baseline  values  by  24  hours 
postdosing.  The  lethal  IV  dose  (24  pg/kg)  of  MCYST-A  produced  a  serum 
arginase  activity  of  approximately  1,450  lU/L,  and  death  within  5.5  hours  of 
administration.  Serum  arginase  activity  never  exceeded  22  lU/L  during  the 
24-hour  postdosing  period  in  a  gilt  administered  the  ethanol /sal Ine  vehicle. 

Swiss  Webster  <SW)  mice  were  administered  various  ip  doses  of  MCYST-A  to 
establish  dose-response  curves  and  to  determine  whether  a  sublethal  dose  of 
the  toxin  would  provide  protection  against  an  LOiqo  min  given  subsequently. 
Liver  weights  Increased  511;  and  kidney  weights  increased  201  within  200 
minutes  following  administration  of  an  LOioo  MCYST-A  in  naive  mice. 
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Grossly  and  histologically  the  niarked  Increase  In  liver  weight  appeared  to  be 
caused  primarily  by  Intrahepatlc  hemorrhage.  In  Cl*  mice,  administration  of  an 
LD23  of  MCYST-A  resulted  In  significantly  increased  survivability  and  survival 
time  when  an  LDioo  MCYST-A  was  given  3  days  later.  Survivors  of  the 
LD23/LDioo  regimen  had  96-hour  postdosing  liver  weights  not  significantly 
different  from  those  of  mice  which  died  acutely  after  the  same  hepatotoxin 
treatments.  These  survivors  showed  weakness,  recumbency,  anorexia,  and 
jaundice  and  had  marked  gross  liver  lesions.  Histologically  these  lesions 
were  undergoing  rapid  reparative  processes. 

The  in  yi'^  effect  of  anatox1n-a(s>  [antx-d(s)]  on  mouse  brain 
acetyl-cholinesterase  activity  and  the  reversibility  of  antx-a(s>-1nduced 
Inhibition  of  mouse  plasma,  red  blood  cell,  and  diaphragm  cholinesterase  have 
been  characterized.  Tne  effects  of  antx-a(s)  upon  certain  of  these  parameters 
were  compared  to  the  effects  of  physostigralne  salicylate,  pyridostigmine 
bromide,  and  paraoxon.  No  Inhibition  of  whole  brain  acetychol Inesterase  was 
observed  In  mice  that  died  or  those  killed  24  hours  after  an  Injection  of 
antx-a<s>  suggesting  that  dntx-a(s>  does  not  act  centrally.  Antx-a<s) 
Inhibited  cholinesterases  In  plasma,  red  blood  cells,  and  diaphragm  tissue 
longer  tnan  pyridostigmine  with  a  duration  of  action  similar  to  paraoxon.  Red 
blood  cell  acetylcholinesterase  was  the  most  susceptible  to  persistent  in  vivo 
Inhibition  by  antx-a<s).  The  results  of  this  Investigation  indicate  that 
antx-a<s)  Is  a  peripheral  acting.  Irreversible  Inhibitor  of  cholinesterase. 

Figure-8  maze  activity,  accelerating  rotarod  performance,  grip  strength, 
and  startle  response  have  been  used  as  neurooehavloral  endpoints  In  rats 
Intraperltoneally  administered  atropine  sulfate,  nicotine,  paraoxon,  and 
physostigmine.  These  tests  have  been  conducted  as  a  means  of  standardizing 
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Instrumentation  and  for  future  comparison  to  antx-a(s).  With  atropine, 
nicotine,  and  physostlgmlne,  the  neu-obehavloral  tests  detected  decrements 
that  were  reversible  ’n  nature.  Physostlgmlne  and  nicotine  caused  decrements 
In  exploratory  activity  In  the  figure-8  maze  that  were  Inolcatlve  of  centrally 
acting  toxicants.  Ac  the  doses  used,  paraoxcn  affected  sensory  and 
exploratory  behavior  without  detectable  effects  upon  neuromuscular  or 
balancing  performance.  Completion  of  these  experiments  will  provide  a  data 
base  for  these  known  toxicants  for  comparison  with  antx-a(s>. 

Ethanol  acidified  with  acetic  acid  and  2  concentrations  of  trlfluoroacetlc 
acid  have  been  evaluated  for  extraction  of  antx-a(s).  In  addition,  cation 
exchange  has  been  used  In  place  of  gel  filtration  for  the  first  purification 
step.  The  2  new  extraction  solvents  decreased  the  concentrations  Oi  pigments 
In  the  extracts.  Extracts  obtained  with  acidified  ethanol  showed  SOX  greater 
activity  than  those  obtained  with  trlfluoroacetlc  acid.  Two  cationic  exchange 
columns,  containing  Oowex  50  and  benzene  sulfonic  acid,  produced  samples  with 
too  high  a  salt  content  for  further  purification  with  HPLC.  With  the 
Amberllte  IRP  64  column.  It  was  possible  to  obtain  aritx-a(s)  of  approximately 
80X  purity.  This  process  took  2  weeks  and  produced  an  average  of  0.1  mg  of 
toxin  from  10  grams  of  lyophlllzed  Anabaena  flos-aoua  cells. 

Using  purified  antx-a<s),  the  equilibrium  (k,j>,  "phosphorylation"  <k2>, 
and  Inhibition  <ki)  constants  for  Inhibition  of  electric  eel  and  human 
erythrocyte  acetylcholinesterases  were  determined.  The  data  Indicates  an 
Initial  formation  of  a  reversible  Michaells  complex  followed  by  the  formation 
of  an  Irreversible  complex.  This  is  similar  to  the  Inhibition  observed  with 
known  Irreversible  organophosphorus  compounds.  Antx-aCs)  was  found  to  be  a 
more  potent  Inhibitor  than  the  organophosphorus  compound  OF?,  to  have  a  higher 
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affinity,  and  to  produce  greater  Inhibition  of  human  erythrocyte 
acetychol Inest  9  than  of  electric  eel  acetychollnesterase. 
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I.  STUDIES  ON  THE  INTESTINAL  ABSORPTION  OF  MICROCYSTIN-A  IN  RATS 
Andrew  M.  Dahlem,  Aslam  S.  Hassan,  Bernard  S.  Buetow 


ABSTRACT 

Rats  were  used  to  evaluate  a  model  system  for  studying  the  hepatotoxicl ty 
caused  by  microcystIn-A  <MCYST-A),  a  cyclic  peptide  toxin  produced  by 
Microcystis  aeruginosa,  and  for  evaluating  the  Jji  vivo  therapeutic  potential 
of  cholestyramine  resin  <CTR>  which  was  found  to  bind  the  toxin  _[n  vitro. 
Also,  the  effect  of  pancreatic  enzymes  and  protein  binding  on  the  toxicity  of 
MCYST-A  was  examined  In  order  to  Investigate  factors  which  might  contribute  to 
the  observed  low  oral  toxicity  of  purified  toxin. 

Female  rats  were  randomly  assigned  to  1  of  2  groups  and  treated  with 
either  toxin  or  an  equivalent  volume  of  saline  vehicle  Instilled  directly  Into 
the  lumen  of  an  j_n  situ  Isolated  Ileal  loop.  Male  rats  were  dosed  with  toxin 
as  described  above,  and  then  randomly  selected  animals  were  dosed  with  either 
cholestyramine  resin  (CTR)  (50  mg/rat)  or  an  equivalent  volume  of  vehicle 
Infused  Into  the  Ileal  loop.  In  a  related  experiment,  toxin  was  Infused  Into 
either  the  Isolated  Ileum  or  a  similarly  Isolated  section  of  the  Jejunum  and 
the  resultant  toxic  effect  was  evaluated.  Additionally,  18  fasted  male  Harlan 
Sprague-Oawley  rats  were  randomly  assigned  to  1  of  3  groups.  Group  1  was 
given  mIcrocystin-A  <MCYST-A)  at  a  dose  of  2.5  mg/kg  In  H2O  administered 
directly  Into  a  segment  of  Isolated  Ileum.  Group  2  animals  were  given  a  rat 
acetone  pancreas  extract  <50  mg)  which  had  been  preincubated  for  2  hours  In 
0.1  M  phosphate  buffer  at  37*  before  being  Infused  Into  an  Ileal  segment. 
Group  3  animals  were  given  the  2.5  mg/kg  dose  of  MCYST-A  after  It  had  been 
preincubated  In  an  enzyme  solution  Identical  to  that  given  to  group  2  animals 


(ratio  of  toxin: pancreas  extract  protein  of  1:50).  Finally,  12  male  Harlan 
Sprague>0aw1ey  rats  were  randomly  assigned  to  1  of  2  test  groups  and  dosed 
either  with  MaST-A  at  2.5  mg/kc  or  with  HaST-A  dt  2.5  mg/kg  after  Its 
prelncubatlon  for  2  hou^s  with  bovine  serum  albumin  (BSA)  In  a  ratio  of  toxin 
to  protein  of  1:50.  Toxin  was  administered  via  the  Ileal  loop  as  described 
above . 

The  animals  In  all  studies  were  Killed  6  hours  postdosing  and 

hepatotoxicity  was  assessed  by  change  In  liver  weight  as  a  percent  of  whole 
body  weight.  In  all  groups  given  toxlr.  alone,  there  was  a  significant 
Increase  In  liver  weight.  No  sex-related  differences  In  the  response  to  the 

toxin  were  evident.  Liver  weights  of  the  toxin  plus  CTR  treated  rats  were 

similar  to  those  In  vehicle-treated  rats.  When  the  toxin  was  administered 

Into  an  Isolated  jejunal  loop,  liver  weight  was  significantly  less  than  that 
resulting  from  an  equivalent  dose  administered  via  the  ileal  loop.  Rats  given 
toxin  alone  had  relative  liver  weights  which  were  significantly  greater  than 
those  given  toxin  preincubated  with  pancreatic  extract;  and  the  relative  liver 
weights  of  the  latter  animals  were  significantly  greater  than  those  given 
pancreatic  extract  alone.  The  relative  liver  weights  of  rats  dosed  with  toxin 
alone  were  significantly  greater  than  those  of  animals  given  toxin 

preincubated  with  BSA. 

INTRODUCTION 

Toxic  blooms  of  blue-green  algae  have  been  reported  to  cause  livestock 
deaths  In  many  countries  throughout  the  world  (Carmichael,  1981;  Schwimmer  and 
Schwimmer,  1968).  More  recently  human  toxicosis  has  been  Implicated  following 
':he  occurrence  of  cyanobacterlal  blooms  In  municipal  water  supplies  (Falconer 
et  al.,  1983).  One  species  often  associated  with  toxic  bloom  formation  Is 
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Microcystis  aeruginosa  (Carmichael,  1982;  Watanabe  et  a1.,  1980).  Isolation 
and  analysis  of  toxic  materials  from  Microcystis  cells  has  Identified 
monocyclic  heptapeptides  containing  seyeral  unusual  amino  acids  (Botes,  1984; 
Krishnamurthy,  1986).  Mlcrocystln-A  (cyanogInosIn-I.R,  toxin  BE-2)  Is  the 
principal  toxic  peptide  produced  by  a  laboratory  Isolate  of  M.  aeruginosa 
strain  PCC-7820.  This  toxin  (Figure  1)  has  a  molecular  weight  of  994  daltons, 
and  produces  characteristic  toxic  effects  when.  Injected  Into  laboratory 
animals.  A  reproducible  feature  of  the  toxicosis  Is  elevation  In  liver  weight 
due  to  hepatocyte  necrosis  with  destruction  of  sinusoidal  endothelium  and 
extensive  hemorrhage  into  the  hepatic  parenchyma  (Falconer  et  al . ,  1981; 
Jackson  et  al . ,  1984). 

In  preliminary  studies  we  had  previously  attempted  to  produce  hepatotoxic 
effects  using  purified  toxin  or  doses  of  lyophlllzad  cell  suspension 
administered  orally.  However,  even  at  oral  doses  greater  than  30  times  the  IP 
or  IV  LDioo  (300  pg/kg  IP,  rat),  we  were  unable  to  produce  any  toxic  effects. 
Therefore,  the  objective  of  this  study  was  to  design  an  in  vivo  model  system 
to  study  the  absorption  of  the  toxin  from  various  segments  of  the 
gastrointestinal  tract  as  assessed  by  significant  Increases  In  liver  weight  as 
a  percent  of  whole  body  weight  In  rats.  Additionally,  since  the  toxin  Is  an 
anion,  we  tested  the  hypothesis  that  an  anion  exchange  resin,  cholestyramine 
(CTR),  would  bind  It  and  thereby  reduce  Its  hepatotoxic  potential.  Finally, 
since  the  toxin  Is  unprotected  by  the  cell  membrane  when  administered  In 
purified  form,  we  tested  the  hypothesis  that  pancreatic  enzyme  degradation  was 
responsible  for  the  apparent  low  oral  toxicity. 


MATERIALS  AND  METHODS 


Toxin 

!!•  aeruginosa  strain  PCC-7S20  Is  In  continuous  culture  In  the  laboratories 
of  Wright  State  University,  Dayton,  Ohio.  Algae  for  this  experiment  was  grown 
on  BG-11  media  (Carmichael,  1984)  and  harvested  following  conclusion  of  log 
phase  algal  growth.  The  cells  were  filtered  and  dried,  and  the  toxin 
extracted  as  described  by  Krishnamurthy  et  al.  (1986).  Toxin  purity  was 
evaluated  on  Whatman  KGF  normal  phase  high  performance  silica  TLC  plates 
(American  Scientific  Products,  McGaw  Park,  ID  as  described  by  Harada  et  al . 
(1987)  and  additionally  by  HPLC  with  UV  detection  at  240  nm.  Toxin  purity  was 
assessed  to  be  >  95t  by  all  methods  described.  The  peptide  was  then  subjected 
to  fast  atom  bombardment/mass  spectrometry  using  a  ZA8  10  kv  mass  spectrometer. 
The  toxin  was  embedded  In  “magic  bullet"  matrix  (1:3,  dlthlothreltol- 
dlthloerythrltol ) .  The  source  temperature  was  30*C  and  the  target  was 
bombarded  with  xenon  atoms  at  9  kv.  A  characteristic  mass  of  995  (M  +  H+)  was 
observed  (Figure  2). 

In  vitro  Studies 

CTR  resin  (Bristol-Myers,  Evansville,  IN)  was  combined  with  deionized 
water  (50  mg/ml)  and  mixed  on  a  rocker  mixer  for  2  hours  prior  to  the  addition 
of  toxin.  Varying  amounts  of  MCYST-A  were  added  In  triplicate  to  tubes 
containing  50  mg  CTR.  All  the  samples  were  then  mixed  on  a  rocker  mixer  for 
15  minutes.  Next,  the  samples  were  filtered  through  a  0.2  p  Aero  LC13 
disposable  filter  membrane  (Gelman,  Ann  Arbor,  MI).  Ihe  filtrate  was  then 
Injected  Into  a  Spectra  Physics  8800  ternary  gradient  HPLC  system  equipped 
with  a  Whatman  Partlsphere  C-18  column  (4.6  x  120  mm)  using  a  flow  rate  of  1.0 
ml/mln  ano  UV  detection  at  240  nm.  The  mobile  phase  was  0.01  M  ammonium 
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acetate  (pH  6)  and  acetonitrile  In  a  ratio  of  75:21  The  detection  limit  was 
0.02  pg/ml . 

Animal  Experiments 

Spraque-Oawley  rats  of  either  sex  (Harlan  Industries,  Indianapolis,  IN) 
weighing  between  93  to  144  g,  were  used  for  all  experiments.  Food  and  water 
were  available  libitum  for  at  lease  a  1-week  acclimation  period.  Prior  to 
the  study,  the  animals  were  subjected  to  an  overnight  fast  (16  hours)  in  cages 
with  wire  mesh  floors  to  avoid  any  contact  with  bedding  material.  Water  was 
available  at  all  times. 

Rats  were  anesthetized  with  ether,  weighed  to  the  nearest  0.1  g,  and 
placed  in  dorsal  recumbency  on  a  heating  pad.  The  abdomen  was  opened  using  a 
midline  Incision.  To  isolate  an  In  situ  ileal  loop  (Figure  3),  a  ligature  was 
placed  around  the  ileum  approximately  5  cm  proximal  to  the  ileo-cecal  junction 
(ligature  A).  Ten  to  15  cm  proximal  to  ligature  A,  a  second  ligature  was 
placed  around  the  ileum  (ligature  B).  A  small  incision  was  made  on  the 
antimesenteric  side  of  the  isolated  ileal  segment  immediately  proximal  to 
ligature  A,  and  2  ml  of  normal  saline  followed  by  1  ml  of  air  was  instilled 
gently  near  ligature  B  to  flush  the  intestinal  contents  out  through  the 
antimesenteric  incision.  A  third  ligature  (ligature  C)  was  then  used  to  tie 
off  the  area  of  intestine  containing  the  antimesenteric  incision  and  a  fourth 
ligature  (ligature  0)  was  tied  around  the  30  g  needle  which  had  been 
Introduced  into  the  intestinal  lumen  in  order  to  administer  the  test  solution 
into  the  loop.  Following  the  injection,  the  needle  was  removed,  the 
intestinal  segment  was  examined  for  leakage,  and  returned  to  the  body  cavity. 
The  abdominal  Incision  was  closed  with  9  rnn  Autoclip  wound  clips  (Clay  Adams, 
Parsippany,  NJ).  To  isolate  an  in  situ  jejunal  loop,  ligature  A  was  tied  5  cm 
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distal  to  the  ligament  of  Treitz  and  ligature  B  was  placed  approximately  10  to 
15  cm  distal  to  llgature-A.  The  loop  was  flushed,  toxin  Injected,  and 
additional  ligatures  tied  as  described  above. 

In  the  case  of  CTR  treatment,  the  experiment  was  identical  to  that 
described  with  regard  to  the  toxin  administration  into  the  Ileal  loop,  except 
that  ligature  D  was  tied  around  an  18-gauge  needle  and  experimental  solutions 
were  administered  through  a  3-way  stopcock.  Thirty  seconds  postadministration 
of  toxin,  either  50  mg  of  CTR  In  0.5  ml  of  H;0,  or  an  equivalent  volume  of 
saline  was  administered. 

In  the  case  of  either  the  pancreatic  acetone  extract  (PAX)  or  the  bovine 
serum  albumin  (BSA),  the  experiment  was  Identical  to  that  described  above  for 
toxin  administration  except  that  either  the  PAX  or  BSA  was  preincubated  with 
toxin  for  3  hours  prior  to  administration. 

In  all  cases,  care  was  taken  not  to  ligate  the  blood  supply  to  the  segment 
of  Interest,  and  Intestinal  loops  were  removed  at  the  end  of  the  study  and 
examined  to  make  certain  leakage  had  not  occurred.  Following  surgery,  the 
animals  were  allowed  to  recover  from  the  anesthesia.  All  rats  were  killed 
with  ether  at  6  hours  after  treatment.  The  livers  were  Immediately  removed, 
blotted  dry,  and  weighed,  ^he  liver  .»e1ght  was  expressed  as  a  percent  of 
total  body  weight.  Differences  between  selected  groups  were  analyzed  using 
the  Student's  one-tailed  t-test  for  unpaired  means;  a  level  of  a  -  0.05  was 
chosen  to  Identify  significant  differences. 

RESULTS 

Within  6  hours  after  Infusion  of  a  single  dose  of  MCYST-A  (5  mg/kg)  Into 
the  Isolated  lleuis,  the  animals  experienced  labored  breathing  and  appeared  to 
be  In  a  state  of  circulatory  shock.  As  shown  In  Figure  4,  there  was  a 
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significant  Increase  In  liver  weight  of  the  rats  given  the  toxin  when  compared 
to  vehicle-treated  controls.  There  were  no  differences  In  liver  weights 
between  male  and  female  rats  given  the  same  dose  of  toxin  (5  mg/kg)  Into  the 
Ileal  loop  (females,  7.2  +  0.2  CN  «  41  vs.  males,  7.0  +  0.2  [N  =  51;  mean  + 
SEM). 

When  the  toxin  was  Infused  Into  the  Ileal  loop  at  a  dose  of  2.5  mg/kg  body 
weight,  the  liver  weights  vere  significantly  greater  than  controls,  but 
significantly  less  than  In  animals  dosed  In  the  same  manner  at  5  mg/kg  body 
weight.  As  shown  In  Figure  5,  In  this  dose  range,  there  was  a  linear 
relationship  between  toxin  dose  and  liver  weight.  When  toxin  at  5  mg/kg  body 
weight  was  Instilled  Into  the  jejunal  loop,  liver  weight  was  significantly 
lower  than  tnat  obtained  with  an  equivalent  dose  of  toxin  Infused  Into  the 
Ileal  loop  (Ileum,  7.0  +  0.2  CM  •  51  vs.  jejunum,  6.0  +  0.1  CN  -  31,  mean  + 
SEM).  Interestingly,  the  liver  weight  In  animals  dosed  at  2.5  mg/kg  via  the 
Ileal  loop  was  virtually  the  same  as  that  found  In  animals  given  5  mg/kg  via 
the  jejunal  loop  (Figure  6). 

Cholestyramine  resin  was  found  to  bind  MCYST-A  over  the  range  of  CTR  to 
toxin  ratios  tested  jjn  vitro  (Table  1).  Furthermore,  rats  treated  via  the 
Ileal  loop  with  toxin  at  5  mg/kg  followed  by  CTR  had  liver  weights  which  were 
very  similar  to  those  of  vehicle-treated  controls  and  significantly  less  than 
In  animals  dosed  with  toxin  alone  at  5  mg/kg  (Figure  7). 

Animals  given  toxin  alone  had  relative  liver  weights  (7.11  +  .646,  mean  + 
SEM)  which  were  significantly  greater  than  those  of  animals  given  pancreatic 
extract  alone  (4.28  +  .414,  mean  ♦  SEM)  or  toxin  preincubated  with  these 
enzymes  (5.8  +  .818,  mean  +  SEM).  The  relative  liver  weights  of  rats  given 
the  toxin  with  the  enzymes  were  significantly  greater  than  those  of  rats  given 
the  enzymes  alone. 
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The  relative  liver  weights  of  rats  dosed  with  toxin  alone  (7.69  +  .288, 
mean  +  SEH)  were  significantly  greater  In  those  of  rats  given  toxin 
preincubated  with  BSA  (5.98  *  .446,  mean  +  SEM). 

DISCUSSION 

When  Injected  IP  or  IV,  either  M.  aeruginosa  cell  extracts  or  purified 
MCYST-A  toxin  produce  hepatic  lesions  In  rats  similar  to  those  observed  In 
other  species  of  animals  Involved  In  field  cases  resulting  from  Ingestion. 
Despite  an  Ip  LD50  of  200  pg/kg  In  preliminary  studies,  laboratory  animals 
gavaged  with  M(r(ST-A  at  5  rag/kg  did  not  appear  clinically  affected  and  no 
gross  liver  damage  was  apparent  up  to  24  hours  after  dosing.  To  our 
knowledge,  orally  Induced  toxicosis  has  not  been  produced  In  laboratory  rats 
or  mice  with  pure  peptide  toxin.  Similarly,  when  lyophlllzed  cell  suspensions 
were  administered  orally  at  doses  up  to  12  mg  toxin  equivalent/kg,  no 
detectable  acute  toxicity  was  evident.  The  limited  availability  and 
prohibitive  cost  of  the  toxin  limits  testing  with  extremely  high  oral  doses  of 
purified  material,  and  limitations  of  the  rat  stomach  size  prevents 
administration  of  higher  oral  doses  using  cell  suspensions.  Therefore,  a 
model  was  developed  to  study  the  effects  of  toxin  absorbed  via  the  Intestinal 
tract.  The  rat  Isolated  jjj  situ  Ileal  loop/MCYST-A  preparation  Is 
reproducible  when  monitored  for  hepatotoxic  effects.  Our  results  Indicate 
that,  while  the  rat  appears  to  be  a  less-than-satisfactory  animal  model  for 
studying  the  oral  toxicity  of  MCYST-A,  It  can  be  conveniently  used  to  monitor 
Intestinal  absorption  by  utilizing  In  situ  Isolated  Intestinal  loops. 

Experiments  with  CTR  binding  of  MCYST-A  in  vitro  and  in  vivo  suggest  that 
CTR  may  prove  therapeutically  effective  In  cases  of  animal  Ingettlon  of  toxic 
waterblooms.  CTR  Is  widely  available  and  It  apparently  limits  Intestinal 
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absorption  of  MCYST-A.  Since  CTR  Itself  Is  not  absorbed,  It  would  not 
contribute  to  the  xenoblotic  load  of  affected  animals. 

The  observation  that  the  degree  of  toxicity  was  dependent  on  whether  the 
toxin  wai  Infused  Into  the  Jejunum  or  Ileum,  Is  notable  since  It  suggests  that 
the  Ileum  nay  be  a  "preferential**  site  for  toxin  absorption.  Due  to 
differences  In  mucosal  structure,  the  surface  area  of  the  jejunum  Is  far 

greater  than  an  equivalent  length  of  Ileum,  but  a  more  severe  hepatotoxic 
effect  was  observed  with  toxin  administration  via  the  latter.  There  Is  jn 
vitro  evidence  suggesting  that  MCYST-A  Is  transported  Into  hepatocytes  by 

Interacting  with  specific  carriers  for  bile  acids  (Runnegar  et  al . ,  1981). 

Specific  carriers  for  bile  acids  are  also  located  In  the  ileum  (Hofmann, 
1983).  If  the  hypothesis  of  Runnegar  et  al.  (1981)  Is  correct,  it  may  help  to 
explain  why  equivalent  doses  of  the  toxin  produce  greater  effects  when 
Introduced  Into  the  Ileum  as  compared  to  the  jejunum.  Thus,  If  MCYST-A  Is 
transported  by  specific  bile  acid  carrle-^s  Into  the  hepatocyte.  It  Is  also 
possible  that  MCYST-A  could  be  transported  by  the  bile  acid  carriers  In  the 
Ileum.  In  contrast  to  the  Ileum,  bile  acids  are  absorbed  principally  by 

passive  diffusion  In  the  jejunum  (Hofmann,  1983).  By  analogy,  absorption  of 
MCYST-A  from  the  jejunum  may  also  occur  by  passive  diffusion.  Thus,  for  a 
given  dose  of  MCYST-A,  a  greater  degree  of  toxicity  would  be  expected  when 
Infused  Into  the  Ileum  than  when  Infused  Into  the  jejunum  as  observed  In  the 
present  study. 

In  the  case  of  orally-induced  toxicosis  resulting  from  Ingestion  of  algal 
bloom  material.  It  was  felt  that  the  Microcystis  cell  membrane  and  associated 
structures  might  protect  the  toxin  molecule  from  pancreatic  enzymes;  and  these 
enzymes  might  degrade  the  toxin  when  administered  (free  of  cells)  via  the  oral 


route  whether  In  the  purified  state  or  In  lyophlllzed  material.  Preincubation 
of  MCYST-A  with  pancreatic  enzymes  produced  a  marked  decrease  In  the  observed 
toxic  effect  of  this  compound,  but  significant  toxicity  remained.  It  was  felt 
that  an  even  greater  decrease  In  toxicity  of  HCYST-A  should  have  been  observed 
If  enzymatic  degradation  were  a  major  factor  contributing  to  the 
detoxification  of  MCYST-A. 

The  reduction  In  toxicity  reflected  In  the  BSA  experiment  Indicated  that 
nonspecific  protein  binding  may  have  been  responsible  for  the  decrease  In 
toxicity  observed  In  the  pancreatic  extract  experiment.  This  data  coupled 
with  1_n  v1  tro  data  from  pepsin,  trypsin,  and  chyirotropsln  experiments  recently 
performed  In  our  laboratory  (not  presented)  lead  us  to  believe  that  enzyme 
degradation  Is  not  likely  to  be  the  primary  factor  causing  the  low  oral 
toxicity  of  MCYST-A.  Protein  binding,  however,  appears  to  be  quite 
significant  In  reducing  the  amount  of  free  toxin. 

In  summary,  this  study  has:  1)  established  a  reproducible  model  for 
studying  the  Intestinal  absorption  of  MCYST-A,  2)  demonstrated  that  CTR-resIn 
may  be  a  useful  therapeutic  agent  In  cases  Involving  known  Ingestion  of 
MCYST-A  containing  algae,  3)  provided  evidence  suggesting  site  specificity  In 
the  Intestinal  absorption  of  MCYST-A,  and  4)  demonstrated  that  pancreatic 
enzyme  degradation  may  not  be  a  primary  cause  of  the  low  oral  toxicity 
observed  with  purified  MCYST-A  In  rats. 
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Table  1.  Binding  of  mIcrocystIn-A  to  cholestyranilne  resin  jji  vlto.  All 
analyses  were  run  In  triplicate  at  ea‘h  level  of  testing. 


Cholestyramine  (mg) _ Microcvstin-A  (uq) _ X  Toxin  Removed 


50 

25 

>  99.0 

50 

50 

>  99.0 

50 

100 

>  99.0 

50 

200 

>  99.0 

25 

200 

>  99.0 

25 

400 

>  99.0 

0 

50 

10.9 

0 

100 

4.9 

50 

0 

0.0 

1+ 1+ 
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Figure  1.  Structure  of  microcystIn-A  produced  by  Microcystis 


strain  7820. 


Microcystin  -  A 

Molecular  weight  994 


1.  Adda 

2.  Arginine 

3.  p-Methylaspartic  Acid 

4.  Leucine 

5.  Alanine 

6.  Methyidehydroalanine 

7.  Giutarnic  Acid 
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Figure  2.  Fast  atom  bombardment/mass  spectroscopy  of  microcystin-A  (M)  in 
magic  bullet  matrix  (MB). 


Section  I 


Figure  3.  Diagram  of  In  situ  isolated  rat  ileum.  The  small  antimesenteric 
incision  Is  between  the  2  ligatures  indicated  by  the  arrows. 
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Figure  4. 
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Comparison  of  liver  weights  as  a  percent  of  body  weight  (mean  + 
SEM)  from  animals  treated  with  microcystin-A  or  vehicle  via  the 
ileal  loop,  fiats  were  dosed  either  with  the  toxin  (5  mg/kg; 
N  .  4)  or  equivalent  volume  of  vehicle  <N  . 
removed  and  weighed  6  hours  following  treatment 
(p  <  0.05)  less  than  toxin-treated  animals. 


4).  Livers  were 
‘Significantly 


L  I  Control 
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Figure  6.  Comparison  of  liver  weights  as  a  percent  of  body  weight  (mean  + 
SEM)  at  6  hours  after  Ileal  or  jejuna]  infusion  of  mIcrocystIn-A. 
Toxin  was  Infused  Into  the  ileal  (2.5  mg/kg  body  weight;  N  -  3)  or 
Jejunal  loop  (5  mg/kg  body  weight;  N  -  3), 


Jejunum 


lieum 


6 

5 
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Figure  7.  Comparison  of  liver  weights  as  a  percent  of  body  weight  (mean  + 
SEM)  from  animals  given  mIcrocystIn-A  plus  saline  (N  -  5)  or 
mIcrocystIn-A  plus  CTR  (N  -  4)  via  the  tleal  loop.  Livers  were 

removed  and  treated  as  described  In  Figure  3.  ‘Significantly  <p  < 
0.05)  less  than  toxin/sal Ine  treated  group. 


]  MCYST-A/Sallne 
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II.  IMPROVED  PURIFICATION  METHOD  FOR 
CYCLIC  PEPTIDES  PRODUCED  BY  CYANOBACTERIA 
Andrew  M.  Dahlem,  Ken-Ich*  Harada 


ABSTRACT 

An  alternative  purification  method  was  established  for  toxic  peptides  from 
cyanobacteria.  This  method  consists  of  octadecylsllane-sl 1  lea  gel  separation, 
normal  phase  silica  gel  thin  layer  chromatography  with  2  detection  reagents 
and  reverse  phase  HPLC  with  UV  (238  nm)  detection.  The  method  has  been 
successfully  applied  to  the  Isolation  of  toxic  peptides  from  the  Monroe  and 
M-22B  strains  of  Microcystis  aeruginosa.  Use  of  this  method  reduces  toxin 
extraction  and  separation  time,  provides  additional  means  of  detection  of 
toxin  and  Impurities,  and  thereby  enables  rat  id  and  repeatable  Isolation  of 
peptide  toxins  from  cyanobacteria. 

INTRODUCTION 

Toxic  blooms  of  cyanobacteria  are  a  characteristic  feature  of  some 
nutrient-filled  fresh  and  brackish  waters.  Four  genera.  Microcystis  (Elleman 
et  al.,  1978;  Botes  et  al.,  1982;  Krishnamurthy  et  al . ,  1986),  Anabaena 
(Krishnamurthy  et  al.,  1986),  Osclllatorla  (Ostensvik  et  al . ,  1981)  and 
Nodularla  (Edier  et  al.,  1985),  are  known  to  produce  potent  hepatotoxlns.  'he 
principal  species  under  Investigation,  M.  aeruginosa,  has  been  frequently  cited 
In  animal  poisoning  Incidents.  Toxins  of  Interest  from  this  species  have  low 
molecular  weights  (about  1,000  daltons)  and  are  cyclic  peptide  hepatotoxlns  of 
relatively  high  toxicity  (LD5o:35  to  59  pg/kg  IP  mouse;  Carmichael,  1987). 

Isolation  and  purification  methods  for  the  cyclic  peptide  toxins,  as  well 
as  development  of  methods  to  assess  the  purity  of  toxins  supplied,  are 
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essential  prior  to  toxicology  studies  to  assess  such  parameters  as  minimum 
lethal  dose  (MLD),  no  effect  dose  (NED),  LD50,  and  pathophysiologic  functions. 
These  algae  toxins  display  very  steep  dose/effect  curves  between  a  dose  which 
will  not  cause  death,  and  potentially  lethal  doses.  For  these  reasons,  the 
Integrity  of  toxin  must  be  precisely  known  so  that  toxicity,  bioaval labi 1 1 ty, 
and  related  studies  can  be  valid  and  reproducible. 

MATERIALS  AND  METHODS 
Organisms 

Two  M.  aeruginosa  strains  were  used.  One  was  from  a  surface  bloom 
collected  from  a  farm  pond  In  Monroe,  Wisconsin  USA  (Galey  et  a1.,  1987), 
designated  as  the  Monroe  strain,  and  another  was  from  culture  strain  (M-228) 
originally  collected  from  Lake  Suwa  In  Japan  (Watanabe  and  Olshi,  1983). 
Cells  In  all  cases  were  lyophlllzed  prior  to  toxin  extraction. 

Toxin  Extraction 

Ten  g  of  dried  cells  <10  g)  of  the  Monroe  strain  of  Microcystis  were 
extracted  with  200  ml  of  5X  acetic  acid  (aq)  for  1  hour  while  stirring.  The 
extract  was  centrifuged  at  10,000  rpm  and  then  the  supernatant  (about  600  ml) 
was  applied  directly  to  30  g  of  reversed  phase  silica  gel  (Micro  Bead  Silica 
gel  5D  [100-200  mesh]  ODS-W,  Fujl-Davlson  Chemical  Ltd.,  Tokyo,  Japan).  The 
column  containing  the  toxin  was  rinsed  with  water  (850  ml),  followed  by 
water :methanol  (8:2,  400  ml).  Elution  from  the  column  with  methanol  (400  ml) 
gave  ;  10  mg  of  the  toxin-containing  fraction.  Similarly,  90  mg  of  the  toxic 
fraction  was  obtained  from  5  g  of  the  M-228  cells. 

Thin  Laver  Chromatography 

HPLC  grade  methanol  was  used  to  dissolve  the  toxin  to  give  a  fini*! 
concentration  of  5  pg/pl .  Samples  were  applied  to  silica  gel  TLC  plates 
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(Klesalgel  6OF254.  E.  Merck,  Darmstadt,  FRG)  with  glass  microcaps  In  amounts 
of  5,  10,  and  25  ^g  and  application  was  verified  by  observation  under  short 
wave  UV  prior  to  development  (toxin  absorbs  short  wave  UV).  The  TLC  plates 
were  placed  In  pre-equi 1 Ibrated  fLC  chambers  and  the  solvent  path  was  13  cm. 
Mobile  Phase  for  TLC 

See  Pages  4-5,  Annual  Report,  1986. 

Detection 

See  Page  5,  Annual  Report,  1986. 

Silica  Gel  Chromatography 

The  biologically  active  fraction  (210  mg)  from  the  Monroe  strain  was 
subjected  to  a  silica  gel  column  (made  by  slurry  packing  15  g  o^'  silica  gel 
[Kleselgel  60,  230  to  400  mesh,  E.  Merck,  Darmstadt,  FRG])  using  chloroform: 
methanol : water  (65:35:10),  and  fractions  were  collected.  Each  column  fraction 
was  then  spotted  on  TLC,  and  fractions  containing  toxin  only  were  combined  to 
yield  43  mg  of  the  toxin.  The  second  silica  gel  (20  g)  column  chromatographic 
purification  of  the  active  fraction  gave  20  mg  of  almost  pure  toxin  (above  95% 
purity  by  TLC)  using  chloroforra.-methanol :water  (55:25:5)  as  an  eluting  solvent 
system.  Similarly,  the  active  fraction  (90  mg)  from  the  M-228  strain  was 
chromatographed  on  silica  gel  using  ch1oroform:methano1 :water  (65:25:5)  to 
give  4  mg  of  one  toxin  (MH  994)  and  13  mg  of  another  toxin  (MW  1044). 

HPLC 

HPLC  separations  of  crude  and  purified  toxins  were  accomplished  under 
reversed  phased  Isocratic  conditions  with  a  Nucleosll  5  Cig  (150  x  4.6  mm, 
Chemco  Scientific  Co.,  Osaka,  japan)  column  and  a  mobile  phase  of 
methanol  :0. 05%  trifluoroacetic  acid  In  water  (6:4).  The  flow  rate  was  1 
ml /min  and  UV  absorbance  at  238  nm  was  used  for  detection. 


Purity  Evaluation 


See  Page  5.  Annual  Report,  1986. 

Mass  Spectrometry 

Secondary  Ion  mass  spectrometry  (SIMS)  v<as  performed  using  a  double 
focusing  Hitachi  M-80B  mass  spectrometer  fitted  with  a  high-field  magnet,  SIMS 
source,  and  M-0101  data  system.  Operating  conditions  were:  primary  ion,  Xe+: 
accelerating  voltage,  8  !:v  (primary)  and  3  kv  (secondary);  source  temperature, 
35*C.  Samples  were  dissolved  in  methanol  at  a  concentration  of  10  pg/pl . 
Each  sample  solution  (0,5  to  1  pi)  was  loaded  on  a  silver  target.  About  1  pi 
of  matrix  material,  glycerol  or  "magic  bullet"  (dithiothreitol-di thioerythritol 
[3:1]),  was  added  to  the  sample  on  the  target. 

RESULTS  AND  DISCUSSION 

Several  toxic  peptides  have  been  isolated  from  fresiiwater  cyanobacteria. 
Among  them  the  structures  of  5  toxins  have  already  been  characterized  by  Botes 
and  coworkers.  They  are  monocyclic  heptapeptides  (microcystins)  and  contain  a 
common  moiety  composed  of  a  novel  amino  acid,  3-am1no-9-methoxy-10-phenyl-2, 
6,8-trimethyl-deca-4,6-dienolc  acld(Adda),  as  well  as  N-methyl-dehydroalanine 
(Medha),  0-a1anine,  D-erythro-Q-methyl-isoaspartic  acid,  and  D-isoglutamic 
acid,  in  addition  to  2  variant  L-amino  acids  (Botes  et  a1.,  1984;  Botes  et 
al.,  1985).  Other  toxic  peptides  from  this  species  appear  to  have  similar 
structures. 

Isolation  and  purification  of  these  toxins  have  been  carried  out  mainly 
using  gel  filtration  and  HPLC  with  UV  detection.  Although  gel  filtration  is  a 
mild  and  effective  method,  it  only  provides  a  semi-pure  toxin  extract  and 
requires  more  time  than  the  procedure  reported  in  this  study,  due  primarily  to 
the  large  volumes  of  water  which  must  be  evaporated.  To  efficiently  isolate 
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toxic  peptides  from  cyanobacteria,  we  devised  a  new  extraction,  separation  and 
purification  method  and  applied  it  to  the  isolation  of  the  toxins  from  the 
Monroe  and  M-228  strains  (Figure  1). 

In  the  extraction  step  we  employed  ot'c?.decyl.:i lanized  (ODS)  silica  gel. 
Algae  cells  were  air-dried  and  the  dried  ceils  wer  extracted  with  5X  acetic 
acid  (aq)  for  30  minutes  3  times.  The  combined  extract  was  centrifuged  at 
10,000  rpm  and  the  supernatant  was  applied  directly  to  the  preconaitioned 
ODS-column.  The  centrifugation  process  is  essential  for  smooth  passage  of  the 
supernatant.  OOS-cartridges  have  been  successfully  used  for  purification  of 
the  toxins  by  2  groups  (Krishnamurthy  et  a1.,  1986;  Brooks  and  Codd,  1986). 
In  our  procedure,  an  additional  washing  step  was  added  prior  to  elution  with 
methanol.  The  column  which  contained  the  toxin  is  rinsed  with  water,  followed 
by  water rmethanol  (8:2)  to  remove  as  many  polar  contaminants  as  possible. 
These  rinses  were  not  toxic  to  mice  and  so  were  discarded.  The  toxin  was  then 
eluted  from  the  column  with  methanol  and  the  solute  was  evaporated  to 
dryness.  To  purify  toxin  from  a  small  amount  of  lyophilized  Microcystis 
cells,  commercially  available  OOS-cartridges  such  as  Sep-Pak,  Bond  Elute  and 
Baker  10  are  recommended. 

Methods  have  been  developed  previously  for  the  isolation  and  purification 
of  these  toxic  peptides,  but  to  date,  all  methods  have  relied  on  purity 
evaluation  based  on  HPLC  with  UV  absorption.  Even  though  toxin  with 
relatively  high  purity  can  be  obtained  b^  this  method,  non-UV-absorbing 
impurities  have  been  detected  occasionally  in  "purified"  material. 

The  TLC  method  developed  in  our  laboratories  and  described  in  our  1986 
Annual  Report  was  also  appl1c?!)le  to  silica  gel  column  chromatography  without 
significant  modification.  This  column  chromatography  procedure  is  rapid. 
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inexpensive,  efficient,  and  can  repeatedly  provide  toxin  of  purity  greater 
than  95X.  The  silica  column  method  began  with  the  slurry  packing  of  fine 
silica  gel  (230  to  400  mesh)  using  either  of  vhe  2  mobile  phases  used  for  the 
TLC  method.  Each  fraction  from  the  column  was  spotted  on  TLC,  and  then  those 
fractions  containing  toxin  w.re  combined.  The  purified  toxins  retained  their 
biological  activity  (IP  LD50  in  mice,  about  60  jig/kg).  and  their  behavior  on 
TLC  (Figure  2).  Even  more  precise  re-jclution  would  be  expected  by  the  use  of 
less  polar  solvent  systems  such  as  chloroform:methanol rwater  (65:25:5)  and 
ethyl  acetate: Isopropyl  alcohol :water  (6:3:7).  When  toxin  of  greater  purity 
is  required,  the  use  of  a  Sephadex  LH-20  column  with  methanol,  or  preparative 
HPLC  using  a  C-18  column  and  methanol :0.05X  trifluoroacetic  acid  (aq)  (6:4)  is 
quite  effective.  Figure  3  shows  typical  high  performance  liquid  chromatograms 
of  the  methanol  fraction  after  ODS  clean-up  from  M-228  cells, . 

Fast  atom  bombardment  (FAB)  and  secondary  ion  mass  spectrometry  (SIMS)  are 
powerful  techniques  for  obtaining  molecular  weight  information  on  nonvolatile 
compounds.  Because  the  ions  at  m/z  995  and  1045,  1149  and  1159  are  assignable 
to  (M+H)+  and  (M+H+matrix)+,  respectively,  the  molecular  weights  of  the  toxins 
are  determined  to  be  994  and  1044.  These  correspond  with  cyanoglnosins  LR  and 
YR  (Botes  et  al.,  1985),  also  known  as  microcystins  A  and  B  (Carmichael,  1987). 

A  rapid  and  simple  purification  method  for  toxic  peptides  produced  by 
cyanobacteria  is  described.  Our  procedures  Include  ODS-silica  gel  extraction, 
with  thin-layer  si  Tea  gel  separation  and  2  detection  methods,  as  well  as  HPLC 
with  UV  (23S  nm)  detection.  This  combination  of  reversed  phase  and  normal 
phase  separations  excludes  more  of  the  contaminants  in  toxin  fractions  than 
did  previous  methods.  Also,  these  procedures  eliminate  costly  and 
time-consuming  gel  filtration  steps  and  greatly  reduce  the  time  required  in 
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evaooratlon  of  large  amounts  of  water.  As  a  result,  the  method  can  be  used  to 
obtain  0.2X  co  0.3t  of  the  purified  toxin  from  these  lyophlllzed  cells  in  a 
total  of  3  or  4  days. 
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Figure  1.  Extraction  and  purification  procedure  for  peptide  toxins  from 
cyanobacteria. 
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Figure  2.  Thin  layer  chromatograms  of  the  methanol  fraction  after  ODS 
clean-up  from  M-228  cells  and  purified  cyanoginosins  LR  and  YR 
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III.  STRUCTURE/TOXICITY  RELATIONSHIP  OF  THE 
N-METHYLDEHYDROALANINE  MOIETY  OF  MICROCYSTIN-A 
Andrew  M.  Dahlem,  Ken-Ichl  Harada,  Kenneth  L.  Rinehart,  Stephen  B.  Hooser 

ABSTRACT 

In  our  last  annual  report  we  documented  the  importance  of  the  double  bonds 
In  the  toxicity  of  a  cyclic  peptide  toxin  from  Nodularla  spumlgena.  In  a 
related  experiment,  the  same  sodium  borohydride  treatment  which  was  used 
previously  to  saturate  the  N-methylamlnobutyrIc  acid  of  the  Nodularla  toxin 
was  employed  with  microcystIn-A,  (MCYST-A)  a  cyclic  peptide  toxin  from 
Microcystis  aeruginosa.  Selective  saturation  at  the  N-methyl dehydroalanine 
portion  of  MCYST-A  resulted  In  a  501  reduction  In  the  toxicity  of  this 
compound.  This  experiment  demonstrated  that  the  dehydroamino  acid  of  MCYST-A 
Is  also  Important  In  the  observed  toxicity  of  this  compound,  and  that  the 
altered  toxin  remains  hepato-specific  and  extremely  potent  even  after 
saturation  of  this  moiety. 

INTRODUCTION 

To  understand  the  biochemical  mechanisms  of  action  of  algal  peptide 
hepatotoxins.  It  Is  Important  to  Identify  factors  responsible  for  their  high 
toxicity  through  the  use  of  structure/toxicity  relationships  of  the  functional 
moieties  of  parent  compounds  and  derivatives. 

The  first  structural  moieties  which  we  have  Investigated  In  these  peptide 
hepatotoxins  are  the  dehydroamino  acids.  The  bioactivity  associated  with 
other  naturally  occurring  peptide  molecules  are  directly  related  to  the 
presence  of  dehydroamino  adds  (Gross  et  a1.,  1967).  For  example,  the 
antibiotics  nisin  and  subtil lln  produced  by  bacteria  contain  alpha-beta 


unsaturated  amino  acids  which  are  believed  to  be  essential  to  their  antibiotic 
activity.  One  working  hypothesis  for  the  biological  action  of  cyclic  peptide 
hepatotoxins  containing  dehydroamino  acids  Is  that  the  toxins  may  Impair 
essential  sulfhydryl  groups  by  reacting  across  the  double  bond  In  their  alpha, 
beta  unsaturated  amino  acids.  The  present  and  previous  studies  Indicate  that 
the  dehydroamlno  adds  In  the  cyclic  peptides  produced  by  Nodular! a  spumlgena. 
and  Hicrocvsti s  aeruginosa  contribute  to  the  toxicity  of  these  compounds. 
MATERIALS  AND  METHODS 
Toxin 

Purified  mIcrocystIn-A  (MCYST-A)  was  prepared  from  algae  grown  In  the 
laboratories  of  Dr.  Wayne  W.  Carmichael  at  Wright  State  University,  Dayton, 
Ohio.  The  purity  of  the  toxin  material  utilized  was  determined  to  be  greater 
than  95t  by  HPLC  and  TLC  evaluation  prior  to  animal  administration. 

Chemicals  and  Solvents 

All  solvents  were  distilled  In  glass.  All  chemicals  were  of  analytical 
grade. 

Toxin  Derivative  Formation 

MCYST-A  <5. 2'  mg)  was  reacted  with  sodium  borohydride  (21  mg)  In  methanol 
to  produce  2.2  mg  (greater  than  95%  pure)  of  the  dihydro  derivative  of  MCYST-A 
(confirmed  by  fast  atom  bombardment  mass  spectroscopy).  The  compound  formed 
Is  a  toxin  derivative  with  saturation  of  the  double  bond  In  the  dehydroalanine 
portion  of  MCYST-A. 

ILC 

See  the  procedure  section  of  the  1986  Annual  Report,  page  11.  The  Iodine 
vapor  was  followed  by  20X  sulfuric  acid  In  methanol  and  heat  (110*0. 
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HPLC 

See  the  1986  Annual  Report,  page  11.  The  detection  wavelength  was  set  at 
240  nm. 

Confirmations  of  Structures 

See  the  1986  Annual  Report,  page  11,  "Magic  bullet  matrix"  (1:3 
dithlothreltol  :dith1oerythritol)  was  used  as  before.  The  parent  Ion  of  997 
was  observed  (M+H++2.  hydrogen).  No  intact  parent  compound,  was  detected. 

Mouse  Bloassav 

Female  Balb/c  mice  were  randomly  assigned  to  3  groups  (6/ ircup)  and 
Injected  Intraperltoneal ly  with:  1)  MCYST-A  at  doses  of  25,  50,  or  100  ^g/kg 
(positive  controls);  2)  with  the  dihydro  derivative  of  MCYST-A  at  25,  50,  100, 
200,  300,  or  400  pg/kg  (test  group);  or  3)  with  the  saline  vehicle  (negative 
controls).  Mice  were  observed  for  24  hours,  the  mortality  of  each  group  was 
recorded.  Mice  which  survived  the  observation  period  were  killed  by  cervical 
dislocation.  At  the  time  of  death  or  euthanasia,  livers  and  kidneys  were 
removed,  weighed,  and  fixed  by  Immersion  In  lOX  neutral  buffered  formalin. 
Tissues  were  routinely  processed,  embedded  In  paraffin,  and  stained  with 
hematoxylin  and  eosin  for  histologic  examination. 

STATISTICAL  ANALYSIS 

A  one-way  analysis  of  variance  was  used  to  analyze  this  data;  a  level  of 
a  «  .05  was  chosen  to  detect  statistically  significant  differences. 

RESULTS  AND  DISCUSSION 

A  fast  atom  bombardment  mass  spectrum  for  dihydromicrocystin  Is  shown  in 
Figure  1.  The  chromatograms  of  mIcrocystIn-A  and  dihydromicrocystin  are  shown 
In  Figure  2. 

Table  1  shows  the  means  and  standard  deviations  for  liver  and  kidney 
weights  expressed  as  a  percentage  of  mouse  whole  body  weight  for  the  various 


t 


-  47  - 


treatment  groups.  When  the  relative  liver  weights  of  microcystin  and 
d1 hydromicrocyst In-dosed  animals  that  died  were  compared,  no  significant 
difference  was  found.  Similarly,  when  the  relative  liver  weights  of 
microcystin  and  dihydromicrocystin-dosed  animals  that  survived  were  compared, 
no  significant  difference  was  found.  However,  when  animals  that  died  In 
either  group  were  compared  with  those  that  lived,  the  relative  liver  weights 
of  the  former  were  greater  than  those  of  the  latter.  The  nature  of  the 
variance  and  the  similarity  among  controls  and  survivors  was  suggestive  of  a 
near  "all  or  none  effect."  The  kidney  data  showed  no  significant  difference 
between  the  survivors  and  nonsurvivors  with  MCYST-A  but  significantly  greater 
fractional  kidney  weights  were  observed  in  the  survivors  vs.  the  nonsurvivors 
with  dihydro  MCYST-A.  The  lack  of  a  significant  difference  in  kidney  weights 
of  survivors  vs.  nonsurvivors  in  the  MCYST-A-dosed  mice  may  possibly  be  due  to 
the  fact  that  nonsurvivors  did  not  live  long  enough  to  accumulate  hepatocyte 
debris  In  the  kidneys. 

No  lesions  were  seen  in  mice  treated  with  MCYST-A  at  25  lag/kg  or  in  the 
dihydro  derivative  mice  treated  at  25,  50,  or  100  pg/kg.  Livers  from  animals 
dosed  with  MCYST-A  at  50  pg/kg  were  characterized  by  mild  lesions  consisting 
of  occasional,  scattered,  single  cell  necrosis  of  hepatocytes  immediately  (1 
to  2  layers)  adjacent  to  the  central  vein.  Mice  dosed  with  MCYST-A  at  100 
pg/kg,  and  those  dosed  with  dihydro  MCYST-A  at  200,  300,  or  400  pg/kg  all  had 
similar  microscopic  hepatic  lesions.  These  consisted  of  severe,  widespread 
centri lobular  and  midzonal  hepatocyte  dissociation,  rounding,  degeneration  and 
necrosis  with  massive  intraleslonal  hemorrhage.  In  the  more  mildly  affected 
adjacent  areas,  many  hepatocytes  contained  one  to  several  large,  clear 
Intracytoplasmic  vacuoles. 
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The  acute  toxicity  of  dihydro  MCYST-A  appears  to  be  approximately  one-half 
that  of  MCYST-A.  Similar  pathology  was  observed  In  animals  which  died  acutely 
from  dihydro  MCYST-A  and  MCYST-A.  Relative  organ  weights  were  also  similar  In 
animals  from  both  groups  which  died  acutely,  and  were  also  similar  when  the 
survivors  of  the  2  groups  were  compared.  This  data  may  be  compared  to  a 
similar  experiment  performed  with  a  cyclic  pentapeptide  hepatotoxin  from 
Nodularia  spumiqena  and  Its  d1 hydrogenated  and  hexahydrogenated  derivatives. 
(See  the  annual  report  for  1986.)  In  the  case  of  Nodularia  toxin,  saturation 
of  the  dehydroamino  acid  contained  within  Its  structure  produced  a  more  marked 
decrease  in  toxicity.  In  addition,  the  d1 hydrogenation  of  Nodularia  toxin 
produced  a  change  in  the  liver  lesions  observed  in  animals  surviving  24  hours 
after  toxin  administration.  A  similar  alteration  In  lesions  was  not  observed 
in  the  case  of  the  MCYST-A  dihydro  derivative.  The  dehydroamino  acid  present 
In  Nodularia  toxin  Is  N-methylamlnobutyrIc  acid  Instead  of  N-methyl dehydro¬ 
alanine  present  In  MCYST-A.  It  Is  also  Important  to  note  that,  while  toxicity 
Is  decreased  by  saturation  of  the  dehydro  moieties,  these  compounds  still 
remain  quite  potent  and  continue  to  display  marked  specificity  for  the  liver 
as  a  target  organ. 
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Table  1.  Mean  values  of  fractional  organ  weights  of  mice  given  Intraperl- 
toneal  Injections  of  mlcrocystln-A  or  Its  dfhydro  derivative  (n  -  6 
for  all  treatment  groups). 


X  Liver 
Welqht^ 

X  Kidney 
Welqht' 

24-Hour  Mortality 
(Dead/Live) 

Dosaqe  D1 hydro 

25  ^g/kg 

5.60  +  0.41 

1.42  i  0.10 

0/6 

50  pg/kg 

5.i5  i  0.30 

1.37  i  0.08 

0/6 

100  pg/kg 

5.18  +  0.25 

1 .42  ♦  0.07 

0/6 

200  pg/kg 

8.87  +  0.80 

1.66+0.14  . 

6/6 

300  pg/kg 

8.80  ±  0.69 

1.57  +  0.10 

6/6 

400  pg/kg 

8.73  +  0.67 

1 .67  +  0.08 

6/6 

Dosaqe  MCYST-A 

25  pg/kg 

5.33  +  0.31 

1 .28  +  0.15 

0/6 

50  pg/kg 

5.62  ♦  0.41 

1.55  +  0.29 

0/6 

100  pg/kg 

7.92  +  0.50 

1.53  +  0.08 

6/6 

Vehicle  Treated 

0  pg/kg 

5.08  t  0.44 

1.42  +  0.08 

0/6 

^Expressed  as  mean  +  Standard  Deviation  of  organ  percentage  of  animal  whole 
body  weight. 


31HrO(?0-Crflf«56iMOSIH  LR  6Lr-*lMHCL 

SAriPtE  MO.  I  3532  SCfiM  MO.  i  5»I2  TIMECnlMli  0.4 


Figure  1.  FAB-mass  spectrum  of  dihydromlcrocysti 
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Figure  2.  HPLC  chromatograms  for  mIcrocystIn-A  (A)  and  dlhydromlcrocyst^n 
<B).  (Column  -  nucleosil  SCig  CO  4.6X  150  mm];  mobil  phase  of 
MeOH  0.05  M  phosphate  (58:42),  pH  ■  3;  flow  rate  »  1  ml /min;  UV 
detection  at  238  nm.) 
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IV.  DEVELOPMENT  OF  URINE  AND  PLASMA  EXTRACTION  METHODS  FOR  MICROCYSTIN-A 
Andrew  M.  Dahletn.  Xen-Ichl  Harada,  and  Leslie  Waite 

INTRODUCTION 

Mlcrocystln-A  <MCYST-A)  was  extracted  from  swine  urine  and  plasma  using 
disposable  reverse  phase  cartridges  and  quantitated  by  high  performance  liquid 
chromatography  (HPLC)  with  UV  detection. 

PROCEDURES  AND  RESULTS 

Swine  urine  (4  ml)  was  amended  with  MCYST-A  (80  pg)  and  plac’d  on 
preconditioned  Bond  Elut  octadecylsl lane  (ODS)  cartridges.  The  cartridge  was 
then  washed  with  water  (2  x  2  ml)  followed  by  15X  methanol  In  water  (2x2 
ml).  The  MCYST-A  was  eluted  from  the  cartridge  with  6  ml  of  methanol.  The 
eluate  was  evaporated  to  dryness  using  a  rotary  evaporator  and  then 
transferred  to  autosampler  vials  and  subjected  to  HPLC  analysis.  The  HPLC 
conditions  were:  a  mobile  phase  of  acetonitrile— 0.1  M  ammonium  acetate,  pH 
5,  In  a  ratio  of  22.5:77.5.  The  flow  rate  was  1.5  ml/mln  and  detection  was  by 
UV  absorption  at  238  nm. 

Swine  plasma  was  subjected  to  the  same  solid  phase  extraction  described 
above  except  that  2  ml  of  plasma  was  amended  with  20  pg  of  MCYST-A  and 
extracted.  Additional  physical  separation  was  sometime'  necessary  to  remove 
an  Insoluble  protein  precipitate  before  HPLC  analysis.  The  methanol  eluate 
was  filtered  through  Aero  0.2  pm  membrane  filters  then  evaporated  on  a  rotary 
evaporj.tor,  transferred  to  autosampler  vials  and  subjected  to  HPLC  analysis 
under  the  conditions  described  above.  Chromatograms  for  control  urine, 
amended  urine,  control  plasma,  and  amended  plasma  are  shown  In  Figures  1-4. 
.Rscoverles  of  toxin  from  amended  samples  were  92X  for  urine  and  63X  for  plasma 
(means  of  3  samples  each). 
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DISCUSSION 

Octadecylsllane  solid  phase  extraction  columns  have  a  high  affinity  for 
MCYST-A,  and  thus  are  applicable  to  extraction  of  toxin  from  the  biological 
matrices  examined  to  date.  It  Is  not  yet  known  how  extensively  MCYST-A  will 
be  excreted  Into  the  urine  of  affected  animals,  but  samples  from  toxin-dosed 
animals  are  currently  under  Investigation.  The  plasma  extraction  efficiency 
was  lower  than  that  for  urine  and  may  result  from  nonspecific  protein  binding 
In  the  plasma.  Additional  treatment  of  plasma.  Including  acid  precipitation 
and  heat  will  be  used  prior  to  extraction  In  order  to  free  protein-bound 
MCYST-A  for  detection  on  HPLC. 
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Figure  1.  Chromatogram  of  control  urine. 
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Figure  2.  Chromatogram  of  amended  urine. 
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Figure  3.  Chromatogram  of  control  plasma. 
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Figure  4.  Chromatogram  of  amended  plasma. 
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V..  ORAL  TOXICITY  OF  MICROaSTIN-A 

1.  Investigation  of  the  oral  toxicity  of  mlcrocystln-A  to  rats. 

A.  M.  Dahlem,  A.  S.  Hassan,  S.  P.  wanson 

EXPERIMENT 

Four  grams  of  lyophlllzed  cell  material  from  the  Monroe,  Wisconsin, 
Microcystis  aeruginosa  bloom  were  combined  with  26.6  ml  of  deionized  water 
and  continuously  stirred  overnight  on  a  stir  plate.  A  slurry  of  the  cell 
suspension  was  gavaged  Into  each  of  four  laboratory  rats  which  had  been 
anesthetized  with  diethyl  ether. 

Rats 

All  rats  were  male  and  had  been  previously  administered  a  subtoxic 
dose  of  T-2  toxin  2  weeks  prior  to  this  study.  They  were  fasted  overnight 
so  that  a  maximum  dose  of  cell  material  could  be  administered. 


Rat  # 

Weight 

Amount  of  Material 

mg/kg 

589 

273  g 

2  mL 

1,102 

590 

280  g 

3  mL 

1,611 

591 

310  g 

4  mL 

1,940 

592* 

280  g 

3  mL 

1 ,611 

*Rat  592  was  administered  100  mg  of  cholestyramine  two  hours  after  cell 
suspension  administration. 


RESULTS 

All  animals  survived  72  hours  after  toxin  administration  and  were 
killed  by  chloroform  Inhalation.  Gross  examination  of  liver  tissue  showed 
no  lesions. 
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CONCLUSIONS 

Quantities  of  lyophlllzed  cell  material  which  are  much  higher  than 
those  which  could  be  consumed  In  nature  do  not  produce  to•x^c  effects  In 
orally  dosed  rats. 

The  oral  administration  to  rats  of  m1crocyst1n-A  In  lyophlllzed  cell 
material  Is  not  a  suitable  model  for  the  study  of  orally  Induced  toxicosis. 

2.  Investigation  of  the  oral  toxicity  of  mlcrocystln-A  to  mice. 

A.  Oahlem,  A.  Hassan,  S.  Swanson 

EXPERIMENT 

Purified  mlcrocystln-A  <1.4  mg)  from  Wright  State  University  (batch  M 
of  toxin)  was  added  to  a  3.0  ml  disposable  test  tube  with  10  jxl  of 
absolute  ethanol  to  dissolve  the  toxin.  Deionized  water  (740  jil)  was  also 
pipetted  Into  the  test  tube,  and  the  tube  was  vortexed  and  placed  under 
warm  tap  water  to  aid  In  solubilizing  the  toxin.  Individual  aliquots  of 
toxin  were  then  pipetted  into  Individual  test  tubes  and  QS  to  320  pi  total 
volume  for  gavaging.  The  toxin  was  then  administered  via  gavage  to 
unanesthetized  ma^e  Swiss  Inbred  mice  weighing  from  20  to  22  grams. 

RESULTS 


Mouse  # _ Dose _ ^ _ Effect  Observed 


1 

250  pg/kg 

None 

2 

500  ng/kg 

None 

3 

1 ,000  ng/kg 

None 

4 

2,000  pg/kg 

None 

5 

4,000  }Jij/kg 

None 

6 

8,000  ^g/kg 

None 

7 

16.000  pg/kg 

None 

8 

32,000  pg/kg 

None 
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CONCLUSIONS 

Acute  doses  of  toxin  «<h1ch  are  much  higher  than  those  which  could  be 
consumed  as  a  result  of  natural  exposure  produced  no  effect  In  mice  when 
given  by  gavage.  The  bioaval labi  11  ty  of  this  toxin  must  be  low  after  oral 
exposure  in  mice  since,  as  Indicated  previously,  1  pg  to  2  jig  of  toxin 
Injected  IP  will  kill  a  mouse  In  two  to  three  hours. 

3.  Investigation  on  the  oral  toxicity  of  mIcrocystIn-A  to  chickens. 

A.  Dahlem,  A.  Hassan,  S.  Swanson 

EXPERIMENT 

Ten  grams  of  lyophlllzed  cell  material  from  the  Monroe,  Nisconsin, 
Microcvsti s  aeruginosa  bloom  were  combined  with  120.0  ml  of  deionized 
water  and  continuously  stirred  overnight.  All  chickens  were  young 
roosters  which  were  reared  at  the  University  of  Illinois  and  acclimated 
for  two  weeks  prior  to  toxin  administration.  Animals  weighed  between  350 
to  480  grams  and  were  gaining  weight  throughout  the  acclimation  period. 
Chickens  were  not  anesthetized  prior  to  gavage  and  a  single  use  feeding 
tube  was  passed  Into  the  crop  for  toxin  administration.  A  slurry  of  the 
cell  suspension  was  gava^ed  Into  each  of  four  chickens  which  had  been 
fasted  overnight.  In  addition,  four  were  dosed  Intravenously  (IV)  with 
the  toxin  and  two  were  not  dosed  and  served  as  negative  controls. 


I 
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Cnicken  # 

Helqht 

Treatment 

Gross  Lesions 

Purified  Toxin: 

1 

.457  kg 

25  jig/kg  IV 

None 

2 

.460  kg 

50  pg/kg  IV 

+L1ver 

3 

.434  kg 

88  pg/kg  IV 

+L1ver 

4 

.386  kg 

200  fig/kg  IV 

+L1 ver 

Cell  Extract: 

5 

.415  kg 

.25  g/kg  Oral 

None 

6 

.446  kg 

.42  g/kg  Oral 

None 

7 

.401  kg 

.83  g/kg  Oral 

None 

8 

.478  kg 

1 .0  g/kg  Oral 

None 

Purified  Toxin: 

9 

.430  kg 

4.6  mg/kg  Oral 

None 

Controls: 

10 

.332  kg 

None 

.  11 

.425  kg 

None 

RESULTS 

All  birds  survived  six  hours  after  toxin  administration.  Chickens 
given  toxin  Intravenously  at  doses  of  50,  88,  and  200  pg/kg  were  visibly 
affected  and  one  animal  was  In  sternal  recumbency  prior  to  euthanasia. 
All  animals  given  toxin  by  gavage  appeared  normal  at  the  time  of 
euthanasia.  Gross  lesions,  seen  In  affected  IV  dosed  birds  at  necropsy, 
did  not  resemble  the  mammalian  lesions  seen  so  far.  The  chicken  livers 
were  not  blood  engorged  but  appeared  tan  and  mottled.  No  liver  lesions 
were  seen  In  orally  dosed  chickens. 

CONCLUSIONS 


Chickens  are  easily  dosed  orally  with  toxin  or  lyophilized  cell 
material  but  do  not  appear  susceptible  to  high  doses  of  toxin  or  cell 
material.  The  gross  liver  lesions  observed  In  chickens  from  acutely  toxic 
doses  of  purified  peptide  differ  from  those  In  the  mammalian  species 
studied  to  date. 


1 
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VI.  THE  EFFECT  OF  GLUTATHIONE  DEPLETION  ON  THE  IP  TOXICITY 

OF  MICROCYSTIN-A 
A.  Oahlem.  A.  Hassan,  S.  Swanson 


EXPERIMENT 

Mice  were  treated  with  a  sublethal  dose  of  microcystln-A  (20  lig/kg),  an 
L.^so  dose  of  m1crocyst1n-A  (37  jig/kg)  by  IP  injection  and/or  either  the 
glutathione  depletor  diethyl  maleate  (DEM)  or  the  Inhibitor  of  glutathione 
synthesis  buthionine  sulfoximlne  (BSO)  IP. 

BSO  was  purchased  from  Chemical  Dynamics  Laboratories.  The  BSO  dose  was 
always  30  mg  per  0.25  kg  animal  in  .75  mL  0.9X  saline  and  was  given  four  hours 
prior  to  toxin,  in  an  attempt  to  maximally  deplete  glutathione.  The  DEM 
animals  were  administered  0.1  mL  of  DEM  oer  100  gram  body  weight  in  sesame  oil 
vehicle. 

RESULTS 

Survival  was  measured  at  24  hours  after  toxin  administration.  Animals 
given  OEM  followed  by  toxin  appeared  sick  but  did  not  die.  Animals  given  BSO 
and  toxin  were  not  distinguishable  from  low  toxin  controls  at  either  dosage. 


Group 

Toxin  Dose 

Survival 

Low  Toxin  Control 

20  jig/kg 

6/6  (lOOX) 

OEM  +  Toxin 

20 

6/6  (1001) 

BSO  +  Toxin 

20  pg/kg 

6/6  (lOOX) 

BSO  +  Toxin 

37  jig/kg 

6/6  (lOOX) 

Medium  Toxin  Control 

60  (ig/kg 

-1/3  (  33. 3X) 

High  Toxin  Control 

90  pg/kg 

0/3  (  O.OX) 

CONCLUSION 


These  results  indicate  that  glutathione  probably  does  not  plry  a  major 
role  in  the  acute  detoxification  of  this  compound.  A  subtle  effect  may  still 


* 
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be  exerted,  however,  since  DEM  animals  appeared  affected  but  did  not  die.  It 
Is  also  possible  that  glutathione  reserves  would  afford  protection  In  animals 
In  which  Inhibition  of  glutathione  synthesis  was  Induced  prior  to  microcystin 
exposure. 


T 
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VII.  VISUALIZATION  OF  RAT  HEPATXYTES 
HITHIN  THE  PULMONARY  VASCULATURE  VIA  MICROSCOPIC  AUTORADIOGRAPHY 
S.  Hooser,  H.  Haschek-Hock,  M.  Kuhlenschmldt 


EXPERIMENT 

Three  hours  following  IP  administration  of  mIcrocystIn-A  at  200  vig/kg  bw, 
5  pg  of  1^25  gal-BSA  was  Injected  IV  In  one  adult  male  rat.  A  separate  rat 
was  given  the  same  IP  dose  of  mIcrocystIn-A  and  5  pg  of  1^25  gal-BSA  combined 
with  45  pg  of  1^27  gal-BSA  IV  at  30  and  60  minutes  following  dosing.  Thirty 
minutes  following  the  Injection  of  gal-BSA,  the  rats  were  killed,  and  liver, 
lungs,  heart,  kidneys,  spleen,  and  adrenals  were  removed  and  weighed. 
Radioactivity  In  these  organs  was  measured  via  gamma  emission  counting,  and 
sections  of  each  were  fixed  by  immersion  In  lOX  neutral -buffered  formalin. 

The  sections  were  dehydrated,  embedded  In  glycomethacrylate,  and  sectioned 
at  2  vim  or  6  Jim.  Tissues  from  a  rat  not  given  1^25  gal-BSA  were  used  as 
controls.  After  sectioning,  the  tissues  were  placed  Oii  precleaned  glass 
slides  and  were  then  dipped  In  Kodak  NTB-2  photographic  emulsion.  The  slides 
were  put  In  light-tight  boxes  at  0*C  to  4*C.  At  2,  3,  and  4  weeks,  one  set  of 
the  siloes  (each  set  contained  all  tissues)  was  developed,  rinsed,  and  fixed. 
Each  slide  was  stained  with  carbol  fuschin  and  new  methylene  blue  and 
coverslipped  for  microscopic  examination. 

RESULTS 

A  rise  of  radioactivity  In  the  liver  and  concomitant  fall  of  radioactivity 
In  the  blood  was  measured.  No  corresponding  changes  were  measured  In  other 
organs  which  were  distinguishable  from  that  accounted  for  by  blood 
radioactivity. 


-/■ 
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On  microscopic  examination,  numerous  grains  were  seen  over  the  cytoplasm 
of  hepatocytes  of  rats  given  1^25  gal-BSA.  Only  a  few.  random  grains  were 
seen  over  the  hepatocytes  of  the  control  rat.  In  the  liver  sections  from  rats 
given  1^25  and  mIcrocystIn-A,  numerous  degenerated  hepatocytes  with  overlying 
grains  were  seen  within  central  veins.  In  the  pulmonary  vasculature  of  rats 
given  1^25  gal-8SA  and  microcystln-A,  grains  were  seen  overlying  the  vessels 
and  were  more  numerous  over  large  cells  which  resembled  degenerate  or  necrotic 
hepatocytes.  Only  randomly  scattered  grains  (background  radioactivity)  were 
seen  In  other  organs.  No  grains  were  seen  over  the  vasculature  or  blood  cells 
of  the  control. 

CONCLUSION 

These  autoradiographic  'studies  further  suggest  that  the  large  cells 
appearing  within  the  pulmonary  vasculature  after  toxin  administration  are 
hepatocytes.  However,  ba:kground  radioactivity  was  too  high  for  positive 
confirmation. 
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VIII.  BIOSYNTHETIC  RADIOLABELING  OF  MICROCYSTIN-A 

A.  Oahlem 


INTRODUCTION 

In  these  experiments  we  tested  the  hypothesis  that  addition  of 
radiolabel  led  glutamic  acid  to  a  growing  culture  of  Microcystis  aeruginosa 
strain  7820  would  result  in  labelled  microcystin-A.  In  the  normal  procedures 
for  growing  M.  aeruqirosa  in  the  laboratory,  no  amino  acids  are  added  to  the 
culture;  the  algae  biosynth  :Slze  all  necessary  amino  acids.  In  order  to  test 
the  hypothesis  in  the  most  general  sense  we  first  added  a  small  quantity  of 
C-14  glutamic  acid  as  a  racemic  mixture.  The  configuration  of  glutamic  acid 
in  the  toxin  structure  is  the  0  configuration,  but  it  was  not  known  whether 
only  the  0-isomer  would  be  incorporated  or  if  the  algae  would  bioconvert  the  L 
form  to  the  0  for  use  in  the  toxin  structure. 

In  the  next  experiment,  higher  concentrations  of  C-14  labelled  glutamic 
acid  were  added  to  the  growing  algae  to  see  if  the  label  incorporation  would 
be  proportional  to  the  amount  of  C-14  glutamic  acid  present.  It  is  known  that 
cyanobacteria  are  extremely  opportunistic  regarding  incorporation  of  preformed 
nutrients  including  amino  acids  and  we  wanted  to  determine  if  the  biosynthetic 
pathway  which  governs  toxin  biosynthesis  could  be  saturated. 

Finally  we  tested  the  hypothesis  that  1  isomer  of  glutamic  acid  is 
selected  preferentially  for  incorporation  into  the  toxin  structure.  Since  the 
cost  of  tritium  labeled  D-glutamic  acid  is  10  times  that  of  tritium  labeled 
L-glutimic  acid,  we  first  tested  the  addition  of  tritriated  L-glutamic  acid  to 
the  growing  algae.  Despite  the  higher  cost  of  the  D-labelled  amino  acid, 
since  the  configuration  in  the  toxin  is  the  0-conf1guration  and  this  form  of 
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glutamic  acid  occurs  Infrequently  In  other  Microcystis  peptides,  we  hoped  that 
the  0  form  would  be  selectively  taken  up.  This  could  be  proven  If  toxin 
produced  In  the  presence  of  added  C-14  L-glutaralc  acid  would  have  low  specific 
activity. 

MATERIALS  AND  METHODS 

In  the  first  experiment  10  pCl  of  glutamic  acid,  D.L  [1-^^C]  of  specific 
activity  40  to  60  pCI/mmole  was  added  to  an  actively  growing  culture  of 
M.  aeruginosa  strain  7820  In  our  laboratory  as  a  one-time  addition  of 
radlolabel . 

In  the  second  experiment  100  viCI  of  the  D.L  labelled  glutamic  acid  was 
added  to  a  growing  culture  of  Microcystis  In  10  pCI  aliquots  every  other  day 
for  20  days  (total  of  10  additions). 

In  the  third  experiment  100  pCI  of  glutamic  acid,  L-[3,4-3h]  of  specific 
activity  of  40  to  60  pCI/mmol  was  added  to  a  growing  culture  of  M.  aeruginosa 
strain  7820  also  In  10  pCI  aliquots  every  other  day  for  20  days. 

RESULTS  AND  DISCUSSION 

Experiment  1  above  yielded  1.3  mg  of  greater  than  951  pure  mIcrocystIn-A 
(MCYST-A)  with  a  specific  activity  of  50  to  60  cpm/pg  to>1n. 

Experiment  2  above  yielded  2.1  mg  of  greater  than  95X  pure  MCYST-A  with  a 
specific  activity  of  420  to  450  cpm/pg  of  toxin. 

Experiment  3  above  yielded  1.7  mg  of  greater  than  95X  pure  MCYST-A  with  a 
specific  activity  of  40  to  60  cpm/pg  of  toxin. 

These  results  show  that  toxin  of  rather  low  specific  activity  can  be 
produced  by  biosynthesis  using  the  relatively  low  levels  of  radioactivity 
described  above.  They  nevertheless  Indicate  that  the  addition  of 
radlolabel led  glutamic  acid  Is  likely  to  serve  as  a  viable  alternative  for 
production  of  labelled  MCYST-A. 
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The  third  experiment  yielded  Inconclusive  results  which  were  difficult  to 
Interpret.  It  was  felt  that  trit  ?ted  glutamic  acid  would  provide  material  of 
higher  specific  activity  than  could  be  easily  and  economically  obtained  with 
C-14  labelled  material,  however,  we  found  that  a  large  percentage  (421)  of  the 
tritium  label  had  disassociated  Into  the  algae  growth  medium  and  become 
tritlated  water.  Since  a  relatively  large  fraction  of  the  label  was  lost 
through  exchange,  Interpretation  of  the  specific  Isomer  addition  Is  unclear. 
This  experiment  Is  currently  under  Investigation  using  C-14  labelled 
L-glutamIc  acid. 

Taken  together  these  experiments  demonstrate  that:  1)  amended  glutamic 
acid  can  be  taken  up  by  the  growing  algae  and  Incorporated  Into  the  toxin 
structure,  2)  a  proportional  relationship  exists  between  the  amount  of 
labelled  glutamic  acid  added  and  the  resultant  specific  activity  of  the  toxin 
produced,  and  3)  that  tritlated  L-glutamIc  acid  did  not  produce  toxin  with  as 
high  a  specific  activity  as  produced  with  D-L  mixtures  of  C-14  labelled 
glutamic  acid. 
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IX.  EVALUATION  OF  ENZYME  RELEASE  BY  PRIMARY  CULTURES 
OF  HEPATOCYTES  FOLLOWING  EXPOSURE  TO  MICROCYSTIN-A 

S.  B.  Hooser 


PURPOSE 

To  evaluate  enzyme  release  from  primary  cultures  of  hepatocytes  following 
addition  of  mIcrocystIn-A  to  the  culture  media. 

PROCEDURE 

Forty-el ght-hour,  primary  cultures  of  rat  hepatocytes  were  exposed  to 
physiologic  buffered  salines  PBS  (negative  control),  carbon  tetrachloride 
(CCla)  at  0.1  ml /ml  of  medium,  or  microcysin-a  at  1  jig/ml  of  medium.  At  1,  2, 
3,  and  6  hours  (microcystIn-A)  or  1  and  6  hours  (saline  and  CCI4  controls), 
the  medium  was  aspirated  from  each  of  four  culture  wells,  and  Individually 
frozen  and  subsequently  analyzed  for  enzyme  activity. 

RESULTS 

A  significant  Increase  In  ALP  release  following  exposure  to  mIcrocystIn-A 
was  seen  at  3-  and  6-hour  postadministration;  however,  no  significant 
increases  (as  compared  to  controls)  of  ALT,  AST,  or  LDH  release  were  seen  at 
any  time  point  examined.  Significant  Increases  In  release  of  ALP  and  AST  at  1 
and  6  hours  and  of  ALT  and  LDH  at  6  hours  were  seen  In  the  cultures  exposed  to 
CCl4  (see  Table  1). 

DISCUSSION 

In  previous  1_n  vivo  studies,  we  observed  a  measurable  Increase  In  serum 
ALT  at  40  to  60  minutes  following  administration  of  mlcrocystln-A  to  rats  and 
an  Increase  In  serum  ALP  beginning  at  3  hours.  Our  jjn  vitro  results  Indicate 
no  increase  In  release  of  ALT  and  an  Increase  In  ALP  at  3-  to  6-hours 
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postsxposure.  This  in  vitro  difference  Is  probably  not  due  to  a  time-related 
decrease  In  P450  which  can  occur  In  cultured  hepatocytes  because  administration 
of  CCI4  caused  large  to  massive  Increases  of  all  hepatic  enzymes.  This  would 
Indicate  that  P450  was  present  In  the  cultured  hepatocytes  and  was  responsible 
for  converting  CCI4  to  Its  active,  hepatotoxic  form.  When  compared  to 
previous  effects  in  whole  animals,  the  decreased  response  of  cultured  cells  to 
microcystin-A  must  be  due  to  a  lack  and/or  modification  of:  (1)  the  plasma 
membrane  receptor  and/or  transport  system,  (2)  intracellular  enzymes  or 
intracellular  organelles  that  normally  activate  or  are  harmed  by  the  toxin, 
(3)  interaction  with  other  hepatic  cell  types,  (4)  inadequate  concentration  of 
toxin  in  the  cells,  or  <5)  the  absence  of  hypoxic  stress  associated  with  in 
vivo  impairment  of  blood  through  the  liver. 

Table  1.  Enzyme  Release  from  Cultured  Hepatocytes  Exposed  to  Microcystin-A, 
CCI4,  or  Physiologic  Buffered  Saline  (PBS). 

TTmi  '  . 

Group _ (hr) _ fyLP _ ALT _ AST _ LDH 

Microcystin-A 


1  mg/ml 

1 

15.3 

+  0.63 

5.5  +  1.2 

72.6  + 

2.2 

143.5 

+ 

12.7 

2 

21.5 

+  0.29 

8.5  7  0.5 

53.3  7 

2.3 

123.8 

9.6 

3 

25.0 

7  0.41* 

5.2  7  0.9 

55.3  7 

4.3 

87.8 

+ 

5 

6 

32.5 

7  1.55* 

6.2  7  0.6 

77.6  7 

4.9 

105.3 

10 

CCI4  0.1  ml /ml 

media 

1 

32.5 

0.65* 

5.7  +  1.1 

755.3  + 

88* 

145.5 

+ 

21 

6 

38.5 

7  1.55* 

16.2  7  3.1* 

1325.3  i 

53* 

245.0 

♦ 

63* 

PBS  (control) 

1 

13.8 

+  0.75 

8.2  0.96 

94.1  ♦ 

12.3 

109.8 

+ 

17.2 

6 

17.5 

7  0.65 

8.0  +  1.2 

89.6  7 

5.2 

129.0 

i 

15.5 

Mean  +  SE,  n  ■  4  for  all  groups  except  for  media  when  n  «  3. 

ALP  -  Alkaline  phosphate  (U/L). 

ALT  •  SGPT  -  Alanine  amino  transferase  (U/L). 

AST  -  S(jOV  -  Aspartate  amino  transferase  (U/L). 

LDH  ■  Lactate  dehydrogenase  (U/L). 

*  •  Treated  groups  which  are  significantly  different  (P  <  0.05)  from  the 
saline  controls. 
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X.  SEQUENTIAL  HEPATIC.  PULMONARY,  AND  RENAL  ULTRAS TRUCTURAL  CHANGES 
INDUCED  BY  MICROCYSTIN-A  (CYANOGINOSIN  LR>  IN  RATS 
S.  6.  Hooser  and  H.  H.  Haschek 

Microcystin-A  (cyanoginosin  LR)  Is  a  cyclic  heptapeptide  hepatotoxin 
produced  by  the  cyanobacterium.  Microcystis  aeruginosa.  Deaths  In  livestock 
and  wildlife,  as  well  as  human  Illness,  have  resulted  from  Ingestion  of  water 
containing  this  species  of  blue-green  algae. 

As  previously  shown  In  our  laboratory,  whei.  lethal  doses  (LD50  - 
approximately  120  vig/kg)  of  purified  hepatotoxin  Is  injected  Intraperitoneal ly 
Into  rats,  light  microscopic  lesions  which  correlate  with  Increases  In  serum 
alanine  amino  transferase  are  seen  In  the  liver  beginning  20  to  30  minutes 
postadralilstratlon.  Lesions  begin  centrl lobularly  and  progress  to  the 
perlportil  regions  of  the  lobules  over  time.  Initially,  there  is  mild 
disassoclatlon  and  rounding  of  centrilobular  hepatocytes  followed  rapidly  by 
severe  hepatocyte  disassoclatlon,  rounding,  degeneration,  and  necrosis.  By  60 
minutes,  these  changes  have  progressed  to  midzonal  and  periportal  regions.  In 
addition,  by  60  to  180  minutes  there  Is  a  breakdown  of  the  sinusoidal 
endothelium  and  loss  of  central  veins  with  severe  centrilobular  hemorrhage. 

Death  In  rats  occurs  20  to  30  hours  postadministration.  Beginning  50  to 
60  minutes  postadministration.  Intact  hepatocytes  appear  In  the  pulmonary 
vasculature.  Over  a  24-hour  period,  these  Intact  cells  are  gradually  replaced 
by  necrotic  cellular  debris  as  Increasing  severity  of  necrosis  occurs  In  the 
liver. 

Late  In  the  course  of  the  toxicosis,  beginning  at  12  hours,  the 
capillaries  of  thw  renal  cortex  contain  large  amounts  of  eosinophilic,  finely 
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fibrillar  to  granular  material  which  does  not  stain  for  fibrin.  In  addition, 
many  renal  tubular  epithelial  cells  contain  one  to  several  large,  clear, 
Intracytoplasmic  vacuoles. 

A  limited  number  of  previous  studies  have  Involved  characterization  of  the 
effects  of  this  hepatotoxin  using  transmission  electron  microscopy  (TEM)  or 
scanning  electron  microscopy  (SEM).  Scanning  electron  microscopy  of  freshly 
prepared.  Isolated  rat  hepatocyte  suspensions  has  shown  dose-dependent 
deformation  and  blebbing  within  5  minutes  of  toxin  exposure. *^2  Sequential 
SEM  and  TEM  of  mouse  livers  following  Intraperl toneal  administration  of  an 
aqueous  M.  aeruqinosa  extract  from  Australia  showed  a  progressive  breakdown  of 
sinusoidal  endothelium,  disappearance  of  the  space  of  Disse,  damage  to 
hepatocyte  membranes,  and  "necrotic  changes"  In  hepatocyte  cytoplasm. 
However,  these  changes  Initially  occurred  periportal ly  and  progressed 
centrl lobularly.  Localization  of  Initial  changes  In  the  periportal  region  has 
not  been  reported  subsequently. 2  In  sheep  given  aqueous  M.  aeruqinosa 
extracts  from  Australia,  TEM  from  tissues  taken  approximately  20  hours 
postadministration  showed  centrl lobular  hepatic  necrosis  with  aggregation  of 
the  endoplasmic  reticulum  <ER),  displacement  of  cellular  organelles  to  the 
periphery,  and  vacuolatlon  of  severely  affected  cel  is. 5  Most  recently,  a 
report  of  a  sequential  TEM  study  utilizing  purified  mIcrocystIn-A  In  mice,  at 
doses  of  10  and  100  pg/kg  Ip,  desc  bed  hepatocyte  changes  consisting  of  rough 
endoplasmic  reticulum  <RER)  vesiculatlon,  mitochondrial  swelling,  RER 
degranulatlon  and,  at  100  ng/kg,  an  Increase  In  Intracytoplasmlo  membrane 
whorls. 

There  are  marked  differences  In  the  responses  of  mice  and  rats  to 
mIcrocystIn-A.  Among  the  most  prominent  of  these  Is  the  time  course  of  the 
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toxicosis  and  lesion  development.  In  mice  there  Is  massive,  centrllobular  to 
midzonal  hemorrhage  and  death  which  occur  rapidly,  60  to  90  minutes 
postdosing.  In  rats,  while  hepatic  necrosis  and  hemorrhage  occur  within  60 
minuses,  the  hemorrhage  does  not  appear  to  be  as  severe  as  In  mice,  and  rats 
survive  24  to  32  hours  following  administration  of  a  lethal  dose  of  the 
hepatotoxin. 

The  purpose  of  this  study  was  to  characterize  the  sequential 

ultrastructural  hepatic,  pulmonary,  and  renal  changes  In  rats  following 
administration  of  mIcrocystIn-A  utilizing  perfusion  fixation  to  minimize 
artifactual  changes.  Herein,  u1 trastructual  changes  are  correlated  with 

previously  observed  light  microscopic  changes  In  an  attempt  to  delineate  the 
sequence  of  lesion  development  In  rats.  The  discussion  contrasts 

ultrastructural  changes  In  rats  with  those  previously  reported  for  mice. 
MATERIALS  AND  METHODS 

Male,  Harlan  Sprague  Dawley  rats  weighing  200  to  250  g  were  given  food  and 
water  ad  libitum  and  kept  on  a  12-hour  light-dark  cycle.  The  rats  were 
Injected  Intraperltoneal 1y  (Ip)  with  purified  mIcrocystIn-A  at  a  lethal  dose 
of  160  pg/kg  or  with  saline  (control).  At  5,  10,  20,  30,  and  60  minutes 

postdosing,  2  rats  were  anesthetized  with  ether  (control  rats  were 

anesthetized  at  60  minutes  following  saline  administration),  the  thorax  was 
opened  and  a  cannula  was  placed  In  the  left  ventricle.  Whole  body  perfusion 
and  fixation,  using  Tyrode's  solution  at  37*C,  followed  by  cool  2.5X 

glutaraldehyde  In  0.1  M  Isotonic  cacodylate  buffer'  and  31  sucrose  (pH  -  7.2), 
was  performed.  Tyrode's  solution  and  fixative  were  kept  at  a  constant 
perfusion  pressure  of  110  mmHg  by  use  of  a  Cole-Palmer  master  flex  pump. 
Samples  of  liver,  lung,  and  kidney  were  minced  Into  1  mm  cubes  and  placed  In 
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2.5X  glutaraldehyde  with  0.1  M  Isotonic  cacodylate  buffer  (pH  «  7.2).  Tissue 
samples  were  washed  In  0.1  H  cacodylate  buffer  with  0.2  M  sucrose,  postfixed 
In  IX  osmium  tetroxide,  rinsed,  and  dehydrated  In  a  graded  ethanol  series  of 
lOX  to  lOOX.  Final  dehydration  with  lOOX  propylene  oxide  was  followed  by 
Infiltration  and  embedding  with  epoxy.  Thin  sections  of  the  specimens  were 
made,  mounted  on  copper  grids,  stained  with  uranyl  acetate  and  lead  citrate, 
and  viewed  with  a  JEOL  lOO-CX  transmission  electron  microscope. 

RESULTS 

In  the  liver,  no  ultrastructural  changes  were  seen  In  the  controls  or  In 
microcystin-treated  rats  5  minutes  postdosing  (Figure  1).  Beginning  10 
minutes  after  mIcrocystIn-A  administration.  In  centrl lobular  areas  there  was 
mild  widening  of  Intercellular  spaces  between  hepatocytes  and  occasional 
Invaginations  of  the  plasma  membrane.  These  changes  progressed  In  extent  and 
severity  over  time. 

At  20  minutes,  alterations  In  the  hepatocyte  plasma  membranes  were  more 
pronounced,  consisting  of  Invaginations  with  formation  of  variably  sized  and 
shaped  cytoplasmic  vacuoles.  Blebbing,  Invaginations,  and  loss  of  microvilli 
were  seen  along  the  sinusoidal  face.  In  addition,  hepatocyte  separation  was 
more  pronounced  and  widespread.  In  areas  with  severo  hepatocyte  lesions, 
widening  of  sinusoidal  endothelial  fenestrae  was  present.  Alterations  In 
other  hepatic  cell  types  (Kupffer,  Ito,  bile  ducts)  were  not  observed  at  this 
time  (Figures  2,  3,  and  4). 

Thirty  minutes  following  administration,  there  was  a  marked  widening  of 
the  space  of  Disse  and  a  marked  loss  of  hepatocyte  sinusoidal  microvilli. 
Blebbing  and  Invagination  of  the  hepatocyte  plasma  membranes  was  frequently 
noted  at  the  sinusoidal  surfaces.  The  widening  of  the  Intercellular  spaces 
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between  many  hepatocytes  was  more  pronounced  and  widespread.  In  addition, 
bile  canal  1  cull  In  affected  areas  were  frequently  dilated  with  blunting  or 
loss  of  microvilli . 

At  60  minutes,  centrllobular  areas  contained  necrotic  cells  as  well  as 
free  floating,  but  .ntact,  organelles  (normal  appearing  nuclei,  mitochondria, 
and  R£R),  together  with  erythrocytes  and  platelets.  Leukocytes  were  not 
observed.  Several  disassociated  hepatocytes  which  appeared  relatively  normal, 
but  lacked  all  or  part  of  their  plasma  membranes  were  seen.  Endothelium  was 
not  recognizable  In  these  areas.  In  less  severely  affected  regions  at  60 
minutes,  there  was  prominent  hepatocyte  rounding,  and  erythrocytes  were 
frequently  seen  In  the  space  of  Disse,  In  addition  to  the  Increased  severity 
of  the  30-m1nute  lesions.  There  was  moderate,  focal  loss  of  the  sinusoidal 
endothelium  and  occasional  hepatocyte  cell  necrosis.  Moderate  whorl Ing  of  the 
RER  around  normal  appearing  mitochondria  was  sometimes  noted.  Mild 
mitochondrial  swelling  In  degenerating  endothelial  cells  was  occasionally  seen 
(Figures  5-13). 

In  the  lung  at  60  minutes,  the  pulmonary  vasculature  contained  hepatic 
cellular  debris.  Including  relatively  Intact  hepatocyti'^s  with  recognizable 
mitochondria,  RER,  and  nuclei.  Occasionally,  granulocytes  containing  large 
amounts  of  amorphous,  phagocytized  material  were  seen  In  the  vasculature.  In 
the  kidney  at  60  minutes,  the  capillaries  of  the  renal  cortex  contained  small 
amounts  of  necrotic  cellular  debris.  Including  cytoplasmic  fragments  and 
mitochondria,  but  no  Intact  cells  as  were  found  In  the  lung. 

DISCUSSION 

The  primary  ultrastructural  changes  seen  Initially  In  rats  after 
mIcrocystIn-A  administration  are  limited  to  alterations  In  the  plasma  membrane 
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of  hepatocytes.  The  changes  seen  In  this  study  correlate  well  with  the 
hepatocyte  disassociatlon  and  rounding  observed  previously  via  light 
microscopy  (LM),  although  ultrastructural  hepatocyte  changes  are  seen  as  early 
as  10  minutes  postdosing. 

Loss  of  hepatocyte  cell-to-cell  contact,  loss  of  sinusoidal  microvilli, 
plasma  membrane  bi ebbing  and  Invagination,  and  rounding  of  hepatocytes  could 
be  due  to  primary  effects  on  the  plasma  membrane  and/or  some  component  of  the 
cellular  cytoskeleton.  At  the  present  time.  It  Is  not  clear  whether  the 
changes  seen  In  the  sinusoidal  endothelium  and  the  space  of  Oisse  are 
secondary  to  he;jatocyte  changes  or  If  there  Is  also  a  direct  effect  on  the 
sinusoidal  endothelial  cells.  However,  In  the  rat,  hepatocyte  changes  do 
precede  all  other  cellular  alterations  observed  by  TEM,  which  supports  the 
theory  that  mIcrocystIn-A  produces  primary  changes  In  hepatocytes  with 
sinusoidal  endothelial  damage  occurring  secondarily.  In  addition,  cholate, 
deoxycholate,  bromsulphthalein  (BSP),  and  rifampicin  have  been  shown  to 
provide  protection  to  Isolated  rat  hepatocytes  exposed  to  microcystin-A^ 
suggesting  that  mIcrocystIn-A  binds  to  a  hepatocyte  specific,  nonspecific 
bile-acid  receptor  as  do  other  low  molecular  weight  cyclic  peptides  such  as 
phalloldin  and  somatostatin. 

The  apparent  lack  of  effect  on  the  majority  of  hepatic  cytoplasmic 
organelles  was  unexpected.  Even  following  the  loss  of  the  plasma  membrane, 
major  organelles  still  appear  largely  Intact.  Most  mitochondria  do  not  appear 
swollen,  the  majority  of  RER  had  not  ur.«iergone  degranulation  and  hepatic 
nuclei  were  not  pyknotic,  nor  was  chromatin  clumping  or  marginatlon  evident. 
This  Is  In  sharp  contrast  to  the  studies  reported  with  mice  In  which 
Intracytoplasmic  organelle  changes  were  among  the  primary  lesions  described. 
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The  presence  of  hepatocytes  In  the  pulironary  vasculature  seen  via  LM  at  60 
minutes  is  confirmed  with  TEM.  However,  the  presence  at  60  minutes  of  hepatic 
debris  In  renal  cortical  capillaries  observed  with  TEM  was  not  recognized  via 
LM  until  9  hours  postdosing.  This  suggests  that  when  hepatic  debris  is 
released  Into  the  circulation  from  the  liver.  It  Is  not  all  trapped  by  the 
pulmonary  capllarles  and  that  some  debris  passes  Into  the  systemic 
circulation.  Similar  accumulations  cf  hepatic  debris  are  undoubtedly  lodced 
In  capillary  beds  of  other  organs  as  well. 

The  prolonged  survival  times  of  rats  compared  to  mice  might  be  explained 
by  the  differences  In  sequential  hepatic  ultrastructural  changes  In  the  2 
species.  In  mice,  rapid  sinusoidal  endothelial  breakdown,  with  subsequent 
massive  Intrahepatic  hemorrhage  and  resultant  shock,  could  account  for  the 
short  survival  times  observed.  In  rats,  sinusoidal  endothelial  disruption 
occurs  later,  and  Is  associated  with  extensive  hepatocyte  disruption  and 
necrosis.  Hemorrhage  occurs  but  to  a  lesser  degree  and  over  a  longer  time 
period  than  In  mice.  Physiological  differences  In  the  regulation  of  hepatic 
blood  flow  between  rats  and  mice  may  also  contribute.  Death  In  rats  may  be 
due  to  a  combination  of  loss  of  hepatic  function,  associated  hypoglycemia,  and 
eventual  circulatory  collapse. 
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Figure  1 

Figure  2. 


Figure  3. 

Figure  4. 

Figure  5. 


Figure  6. 
Figure  7, 


Figure  8. 


1 


Control  liver.  13,500  X.  N  -  nucleus;  E  -  endothelial  cell;  M  - 
mitochondria;  S  •  sinusoid;  B  -  bile  canaliculus;  SD  -  space  of 
Disse. 

TWiiity  minutes  postdosing.  Note  the  loss  of  cell-to-cell  contact, 
loss  of  sinusoidal  microvilli,  membrane  invagination,  hepatocyte 
vacuolization,  and  necrosis.  There  is  widening  of  sinusoidal 
endothelial  fenestra  adjacent  to  necrotic  hepatocytes  (ar'-ows). 
R  -  erythrocyte,  P  «  platelet,  V  -  hepatocyte  vacuole. 

Twenty  minutes  postdosing.  Hepatocytes  are  losing  cell-to-cell 
contact  and  there  is  associated  membrane  invagination  (arrows). 
The  nucleus,  mitochondria,  and  RER  appear  normal. 

Twenty  minutes  postdosing.  There  Is  loss  of  hepatocyte  sinusoidal 
microvilli  in  the  space  of  Disse  and  widening  of  cell-to-cell 
contact  with  cytoplasmic  Invaginations. 

Sixty  minutes  postdosing.  There  is  rounding  of  hepatocytes,  loss 
of  cell-to-cell  contact,  loss  of  sinusoidal  microvilli,  membrane 
blebbing,  and  dilatation  of  bile  canal iculi.  Hepatocyte 
organelles  appear  normal.  There  Is  marked  widening  of  the  space 
of  Disse  with  erythrocytes  (R)  present 
Sixty  minutes  postdosing.  Same  as  F.  .e  5. 

Sixty  minutes  postdosing.  In  addition  to  lesions  mentioned 
previously,  there  Is  hepatocyte  single  cell  necrosis. 
Mitochondria  and  RER  In  both  the  necrotic  cell  and  in  the  hepatic 
debris  seen  within  the  sinusoid  appear  normal. 

Sixty  minutes  postdosing.  Higher  magnification  of  Figure  7 
showing  necrotic  hepatocytes  with  RER  and  mitochondria. 
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Figure  9. 


Figure  10. 

Figure  11. 


Figure  12. 
Figure  13. 


Sixty  minutes  postdosing.  There  is  loss  of  hepatic  sinusoidal 
microvilli,  severe  hepatocyte  membrane  blebbing  (arrow),  and 
erythrocytes  present  in  a  greatly  widened  space  of  Olsse.  Note 
the  Integrity  of  hepatocyte  organelles. 

Higher  magnification  of  an  area  similar  to  Figure  9.  Arrow 
illustrates  bleb  in  hepatocyte  cell  membrane. 

Sixty  minutes  postdosing.  Necrotic  hepatic  debris  intermixed  with 
erythrocytes.  A  hepatocyte  with  cytoplasm  containing  a  normal 
appearing  nucleus,  mitochondria,  and  granulated  RER,  but  lacking  a 
plasma  membrane  is  present  in  the  center  of  the  photo. 

Sixty  minutes  postdosing.  Higher  magnification  of  Figure  11. 

Sixty  minjtes  postdosing.  Erythrocytes  intermixed  with  relatively 
intact  appearing  mitochondria  and  RER. 


Figure  6  Section  VII 


Figure  7  Section  VII 


Figure  8  Section  VII 
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XI.  EFFECTS  OF  MICROCYSTIN-A  ON  HEHATIC  AND  RENAL  8LOOO  FLOW 
AND  MEAN  AORTIC  PRESSURE  IN  INTRAVENOUSLY  DOSED  SWINE 
K.  R.  Holmes  and  R.  A.  Lovell 


INTRODUCTION 

The  hepatotoxicity  of  a  family  of  cyclic  heptapeptldes  (mlcrocystlns) 
produced  by  at  least  2  species  of  blue-green  algae  Is  well  documented. 
Currently  there  are  11  known  members  In  this  family  (mlcrocystlns  A-H).  The 
biochemical  mechanism  of  action  of  these  extremely  potent  (swine  1v  LDn,^n  1  30 
pg/kg)  hepatotoxins  Is  unknown.  Mlcrocystln  apparently  utilizes  bile  acid 
carriers  for  entry  Into  the  hepatocytes  and  may  cause  destabilization  of  the 
hepatic  cytoskeleton. 1 *2  Mice  administered  a  lethal  IP  dose  of  mlcrocystln 
usually  die  in  1  to  5  hours  with  an  extremely  pale  carcass  and  a  liver  that 
weighs  1.5  to  2  times  that  of  controls.  The  actual  cause  of  death  Is  likely  a 
result  of  shock  and  acute  hepatic  failure  due  to  centrl lobular  and  midzonal 
hepatic  necrosis  with  Intrahepatlc  hemorrhage. 

Hepatic  hemodynamics  have  major  Impacts  on  cardiovascular.  Intermediary 
metabolic,  and  endocrine  functions. 3  Altered  hepatic  circulation  appears  to 
play  an  Important  role  In  the  liver  lesions  produced  by  halothane.^  To  our 
knowledge,  hepatic  blood  flow  In  mlcrocystln  toxicosis  has  not  been 
characterized.  In  this  paper  we  present  liver  and  kidney  blood  flow  data 
obtained  using  the  temperature  pulse  decay  (TPD>  method^.C  in  anesthetized 
gilts  Intravenously  administered  a  lethal  (72  jig/kg)  or  toxlc-sublethal  (25 
ng/kg)  dose  of  >  951  pure  mlcrocystln-A  (MCYST-A)  for  up  to  5  hours 
postdosing.  The  study  Is  partially  complete  at  this  time.  In  order  to  convey 
the  overall  scope  of  the  study,  certain  methods  are  described  which  are  not 


-  97  - 


reflected  In  the  results  or  discussion.  These  will  be  described  when  the 
study  Is  complete. 

MATERIALS  AND  METHODS 

Gilts  (16  to  25  kg)  raised  under  specific  pathogen-free  (SPF)  conditions 
were  purchased  from  the  University  of  Illinois,  College  of  Veterinary  Medicine 
Research  Farm.  Upon  arrival  each  animal  was  bled  from  the  anterior  vena  cava 
to  determine  presurgical  CBC  and  serum  chemistry  values.  Each  gilt  was 
administered  vitamin  E  (1.5  lU/L),  sodium  selenite  (55  pg  of  Se/kg),  and 
vitamin  K1  (1.5  mg/kg)  Intramuscularly.  These  gilts  were  housed  In  the 
College  of  Veterinary  Medicine  Laboratory  Animal  Care  Facilities  and  provided 
with  water  and  feed  (1611  protein  corn-soybean  ration)  ad  libitum.  Twenty-four 
hours  prior  to  dosing,  all  feed  was  removed  from  the  stall. 

Each  gilt  was  subjected  to  endotracheal  Intubation  after:  1)  an  18-  to 
20-gauge  catheter  was  Implanted  In  the  lateral  ear  vein;  2)  50  mg/kg  of 
alpha-chloralose  (it  solution)  was  administered  1v;  3)  20  mg/kg  of  ketamine 
HC1  (lot  solution)  was  administered  1v;  and  4)  3/4  ml  of  2t  lldocalne  was 
sprayed  on  and  around  the  larynx.  Following  a  7  to  8  cm  Incision  In  the  right 
jugular  furrow  region  caudal  to  the  base  of  the  right  ear,  18-gauge  Tygon 
catheters  were  Implanted  In  the  jugular  vein  and  carotid  artery  so  that 
central  venous  and  aortic  pressures  could  be  measured.  Using  a  right 
paracostal-paralumbar  Incision  through  the  abdominal  wall,  a  20-gauge  Tygon 
catheter  was  placed  In  the  portal  vein  located  In  the  last  65  cm  of  the  small 
Intestine  (Ileum).  Five  to  eight  TPO  probes  were  Implanted  Into  the  liver  and 
4  to  5  TPO  probes  were  Implanted  Into  the  right  kidney.  One  ml  of  heparin 
(1,000  lU)  was  sprayed  around  the  TPO  probe  wires  to  aid  In  their  removal  at 
the  conclusion  of  the  study.  The  abdominal  and  cervical  Incision  sites  were 
apposed  using  towel  clamps. 
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During  the  surgical  portion  of  the  experiment,  ketamine  and 
alpha-chloralose  were  supplemented  (1v)  as  needed  to  maintain  a  surgical  plane 
of  anesthesia.  After  TPD  probe  Implantation,  anesthesia  (plane  2)  was 
maintained  using  1v  supplements  of  alpha-chloralose  as  needed.  Ketamine  (<  15 
mg  slowly  1v)  was  supplemented  as  needed  after  TPD  probe  Implantation  to  calm 
exckissive  muscular  activity.  Gilts  were  required  to  breathe  on  their  own 
during  the  pre-  and  postdosing  data  collection  periods.  Ten  minutes  of 
assisted  ventilation  was  provided  1  time  to  any  high  dose  (72  pq/kg)  gilt 
which  became  apneic  during  a  period  of  hypotension  (mean  aortic  blood  pressure 
between  40  and  65  nnHg). 

Systolic,  diastolic,  mean  and  pulse  pressures,  as  well  as  heart  rate,  were 
measured  from  the  aortic  catheter.  Mean  pressure  was  measured  from  the  portal 
vein  catheter.  Mean  central  venous  pressure  was  measured  from  the  Jugular 
catheter.  Gould-Statham  pressure  transducers  were  connected  to  the  catheters 
to  measure  the  pressure  wave.  The  pressure  wave  signal  was  conditioned  by  a 
Gilson  Model  5/6H  Physlograph  and  recorded  using  Buxco  Hemodynamic  Analyzer. 
Three  ECG  leads,  placed  In  the  right  forelimb,  left  forelimb,  and  left 
hindlimb,  were  used  to  measure  the  following  electrocardiographic  parameters: 
0,  R,  S,  T,  P,  and  ST  height;  Q,  R,  S.  and  P  width;  RR,  QRS,  ST,  QT,  OTC,  PRO, 
and  PR  Intervals.  The  ECG  wave  signal  was  conditioned  by  the  Gilson 
Physlograph  and  recorded  with  a  Buxco  ECG  Analyzer.  These  ECG  and  hemodynamic 
parameters  were  measured  every  20  seconds  throughout  the  experiment. 

The  appropriate  dose  (0  ug/kg  -  control,  n  -  4;  25  pg/kg  ■  toxlc- 
sublethal,  n  -  6;  72  pg/kg  -  lethal,  n  «  6)  of  >  95t  pure  MCYST-A  was  placed 
In  a  40  C  water  bath  to  warm  It  to  body  temperature.  The  hepatotoxin  dosing 
solution  was  then  delivered  over  a  90-second  period  Into  the  Jugular  vein 


catheter  which  was  then  flushed  with  10  ml  of  a  warmed,  heparinized  Ringer's 
solution. 

The  6  most  consistent  TPD  probes  <2  to  3  In  kidney  and  3  to  4  In  liver) 
were  established  prior  to  the  commencement  of  the  30  to  45  minute  predosing 
period.  During  the  predosing  period  and  for  2  hours  postdosing,  liver  and 
kidney  blood  flow  were  measured  every  3  minutes  from  each  established  TPD 
probe  site.  From  2  hours  postdosing  until  5  .hours  postdosing,  liver  and 
kidney  blood  flow  were  measured  every  6  minutes. 

Arterial  blood  samples  were  collected  5  tc  15  minutes  prior  to  MCYST-A 
dosing  and  45,  90,  150  210,  and  300  minutes  postdosing  and/or  Immediately 
prior  to  death.  Parameters  Included  complete  blood  count  (3  ml),  serum 
chemistry  profile  (10  ml),  blood  gases  and  electrolytes  (3  ml),  and  lactate 
concentration  <1,0  ml).  Six  minutes  postdosing,  a  10  ml  arterial  blood  sample 
was  collected  for  determination  of  MCYST-A  concentration.  The  aortic  catheter 
was  flushed  with  10  ml  of  a  warmed  heparinized  Ringer's  solution  after  each 
collection  period. 

Gilts  still  alive  5  hours  postdosing  were  killed  by  exsangulnatlon  after 
1v  ketamine  supplementation  was  given  to  produce  a  surgical  plane  of 
anesthesia.  The  following  tissues  were  placed  In  lOX  neutral-buffered 
formalin  within  2  hours  of  death/euthanasla;  liver  (Including  gallbladder  and 
bile  duct),  kidneys,  adrenals,  spleen,  pancreas,  stomach,  duodenum,  jejunum. 
Ileum,  cecum,  ascending  spiral  colon,  descending  spiral  colon,  rectum, 
mesenteric  lymph  node,  ovary  and  uterus,  urinary  bladder,  quadriceps  muscle, 
bone  marrow  (femur),  skin,  tongue,  thyroid,  parotid  salivary  gland,  esophagus, 
trachea,  eye,  brain  (whole),  thymus,  submandibular  lymph  node,  lung,  left  and 
right  atria,  and  left  and  right  ventricles  with  Interventricular  septum. 
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RESULTS 

The  hepatic  and  renal  blood  flow  and  mean  aortic  pressure  vs  time  from  the 
first  10  gilts  are  presented  In  Figures  1  to  20  and  the  Appendix  to  Section  XI 
(page  203).  In  the  high  dose  gilts,  an  Increase  In  portal  venous  pressure 
preceded  the  precipitous  fall  In  mean  aortic  pressure.  Results  with  regard  to 
analytical,  pathologic,  clinical  pathologic,  electrocardiographic,  and 
hemodynamic  (other  than  mean  aortic  pressure)  end  points  will  be  presented  In 
subsequent  reports. 

DISCUSSION 

Liver  blood  flow  markedly  declines  approximately  10  to  20  minutes  before 
the  precipitous  fall  In  arterial  blood  pressure  In  the  high  dose  (72  pg/kg) 
gilt  surviving  more  than  1  hour.  Renal  blood  flow  closely  parallels  aortic 
blood  pressure  In  these  gilts.  In  the  high  dose  gilts,  the  portal  venous 
pressure  has  Increased  while  the  central  venous  pressure  has  decreased  during 
the  postdosing  period.  In  contrast.  In  the  low  dose  group  (25  pg/kg)  there  Is 
marked  variation  between  animals  In  liver  and  kidney  blood  flow  and  little 
change  In  portal  and  central  venous  pressures  over  time.  The  differences  In 
renal  and  hepatic  perfusion  are  probably  due  to  greater  Individual  variation 
In  the  lower  portion  of  the  extremely  steep  lethal  dose  response  curve  of 
MCYST-A.  In  the  control  gilts,  mean  aortic  blood  pressure  never  declined 
below  88  mmHg  and  liver  and  kidney  blood  flow  changed  little  from  predosing 
values. 

CONCLUSION 

From  this  study.  It  appears  that  markedly  reduced  hepatic  perfusion  occurs 
early  In  the  toxicosis  produced  by  MCYST-A  In  swine.  The  reduction  In  blood 
flow  Is  such  that  Intrahepatlc  hypoxia  may  make  a  major  contribution  to  the 
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destructive  process  observed  In  this  organ  In  lethal 1y  dosed  animals.  In 
contrast,  reduction  In  renal  blood  flow  Is  apparently  a  response  to  the 
decline  In  aortic  pressure.  Future  plans  call  for  correlation  between  blood 
flow  changes  and  sequential  pai.iologlc  changes  In  livers  of  microcystin-dosed 
swine. 
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FIGURE  LEGiINDS 
Figures  1-16. 


Figure  17. 


Figure  13. 


Figure  19. 


Mean  hepatic  and  renal  blood  flow  and  mean  aortic  pressure  vs. 
time  in  gilts  dosed  Intravenously  with  mIcrocystIn-A  <MCYST-A) 
at  0  pg/kg  (N  -  4),  25  pg/kg  (N  «  6),  and  75  pg/kg  (N  ■  6). 
The  details  on  Individual  measurements  are  given  In  the 

Appendix  to  Section  XI  on  page  203. 

Hepatic  perfusion  of  control  group  (•)  (n  ■  4),  toxic  sublethal 
group  <o)  <n  «  6),  lethal  group  (7)  (n  •  6).  Hepatic  perfusion 
values  represent  the  6-m1nute  group  mean  (+  SEM)  and  were 

obtained  from  2  to  4“  temperature-pulse  decay  probes  in  each 

gilt.  After  an  animal  died,  hepatic  perfusion  was  0  for  the 

remainder  of  the  experiment. 

Renal  perfusion  of  control  group  (•)  (n  «  4),  toxic  sublethal 

group  <o)  (n  ■  6),  lethal  group  (7)  (n  -  6).  Renal  perfusion 

values  represent  the  6-m1nute  group  mean  (+  SEM)  and  were 

obtained  from  1  to  3  temperature-pulse  decay  probes  In  each 

gilt.  After  an  animal  died,  renal  perfusion  was  0  for  the 

remainder  of  the  experiment. 

Aortic  mean  (AOM)  pressure  of  control  group  (•>  (n  -  4),  toxic 
sublethal  group  (o)  <n  »  6),  lethal  group  (7)  <n  •  6).  AOM 

values  represent  the  6-m1nute  group  mean  SEM)  for  each 

group.  AOM  values  In  the  lethal  group  were  derived  only  from 

live  animals  <n  decreased  with  time). 
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XII.  ARGINASE  ACTIVITY  IN  TWELVE  TISSUES  AND  SERUM.  SERUM  ARGINASE 
HALF-LIFE.  AND  CHANGES  IN  SERUM  ARGINASE  ACTIVITY  FOLLOWING 
ADMINISTRATION  OF  MICROCYSTIN-A  (CYANOGINOSIN-LR)  IN  SWINE. 
Randall  A.  Lovell.  OVM,  Walter  E.  Hoffmann.  DVM.  PhD. 
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ABSTRACT 

The  mean  serum  arginase  activity  In  these  6  swine  was  2.29  lU/L. 

Following  an  IV  Iniectlon  of  2.0  ml/kg  of  a  porcine  liver  extract  containing 
145  lU/ml  arginase  activity,  the  serum  arginase  half-life  was  128.5  minutes  In 
a  gilt  and  85.8  minutes  In  a  barrow.  Hicrocystin-A,  a  potent 

heptapeptide-hepatotoxin  produced  by  at  least  2  species  of  cyanobacteria 
(blue-green  algae).  Induced  marked  Increases  In  serum  arginase  activity  which 
were  dose  dependent  with  respect  to  latency  and  magnitude.  The  serum  arginase 
activity  exceeded  240  lU/L  14  hours  after  a  sublethal  IV  dose  (16  pg/kg)  of 
ffl1crocystln-A,  and  returned  to  near  baseline  values  by  26  hours  postdosing. 
The  lethal  IV  dose  (24  pg/kg)  of  mIcrocystIn-A  produced  a  serum  arginase 
activity  of  approximately  1,450  lU/L,  and  death  within  5.5  hours  of 
administration.  Serum  arginase  activity  never  exceeded  22  lU/L  during  the 
24-hour  postdosing  period  In  a  gilt  administered  the  ethanol /sal Ine  vehicle. 
INTRODUCTION 

Serum  activities  of  liver  specific  enzymes  are  considered  to  be  among  the 
most  sensitive  and  reliable  tests  for  detecting  mild  to  severe  hepatocellular 
damage  and  biliary  obstruction.  Once  certain  fundamental  characteristics  of 
an  enzyme  are  determined,  serum  enzyme  activity  can  provide  Insight  Into  the 
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location,  duration,  severity,  and  mechanism  Involved  In  a  particular 
hepatopathy. 

Arginase  Is  emerging  as  an  Important  addition  to  the  commonly  used  serum 
enzymes  employed  to  monitor  liver  Integrity.  Arginase  catalyzes  the  conversion 
of  arginine  to  urea  and  ornithine.  Formerly,  arginase  determinations  have  been 
based  upon  quantifying  the  amount  of  urea  produced  from  the  substrate  arginine. 
Due  to  the  presence  of  considerable  amounts  of  urea  In  the  serum  normally.  It 
was  necessary  to  perform  repeated  salt  precipitations  of  proteins  or  gel 
filtration  to  separate  urea  from  arginase.  These  separations  proved  time 
consuming  and  required  multiple  technical  manipulations,  rendering  the  proce¬ 
dure  impractical  for  routine  use.  Development  of  a  direct  colorimetric  method 
for  determination  of  the  ornithine  produced  from  arginine^  has  facilitated  the 
application  of  arginase  determination  on  a  routine  basis.  Additionally,  the 
reagents  and  standards  necessary  for  this  determination  method  can  be  prepared 
from  commercially  available  chemicals  and  have  a  reported  stability  of  at 
least  1  year  when  stored  at  0  to  5*C  In  amber  glass  bottles.^ 

The  development  of  practical  analytical  techniques  and  determination  of 
arginase  activity  In  specific  tlssues^-^  has  Increased  Its  use  as  a  diagnostic 
aid  In  numerous  species.  In  accordance  with  Its  liver  specificity  in 
ureotellc  anlmals^.S  and  Its  cytoplasmic  location  In  liver  parenchymal 
cells^*®  arginase  has  been  shown  to  be  a  good  Indicator  of  hepatic  necrosis 
Induced  by  carbon  tetrachloride. ^ *2.9,10 

Considering  the  prominent  role  that  swine  fulfill  In  research  today,  the 
availability  of  serum  arginase  as  a  clinical  assay  for  this  species  would 
appear  to  be  an  Important  development.  This  study  was  therefore  undertaken  to 
establish  the  basic  criteria  necessary  to  Interpret  serum  arginase  activities 


-  125  - 


as  a  diagnostic  and  prognostic  Indicator  of  hepatic  damage  In  swine.  The 
arginase  activity  In  12  tissues  of  6  swine,  the  serum  arginase  half-life  In  2 
swine,  and  serum  arginase  activity  changes  following  IV  administration  of  a 
sublethal  and  lethal  dose  of  mIcrocystIn-A  (cyanogInosIn-LR) ,  a  potent 
cyanobacterlal  heptapeptide  hepatotoxin,  are  presented. 

MATERIALS  AND  METHODS 

Animal  Specimens  for  Tissue  Arginase  Activity 
See  Annual  Report  1986,  page  146. 

Tissue  Processing  and  Arginase  Activity  Analysis 
See  Annual  Report  1986,  pages  146-147. 

Liver  Extract  Solution  Preparation  for  Arginase  Half-life  Determination 

A  liver  extract  solution  was  derived  from  a  healthy  gilt  purchased  from 
the  University  of  Illinois  Veterinary  Medicine  Research  Farm  (UIVMRF).  This 
gilt  was  killed  by  electrocution  and  the  liver  was  placed  on  Ice  within  10 
minutes  of  death.  The  liver  was  frozen  (0  to  -5*0  for  1  week  until  the  day 
prior  to  dosing.  The  liver  was  homogenized  In  physiologic  saline  after 
thawing  at  room  temperature,  and  the  homogenate  centrifuged  at  500  x  g  and  4*C 
for  30  minutes.  The  supernatant  was  further  diluted  with  physiologic  saline 
until  It  was  comprised  of  1  g  11ver/120  ml  physiologic  saline.  This  extract 
solution  provided  145  lU  arginase  activlty/ml  prior  to  administration. 

Animal  and  Specimen  Handling  for  Serum  Arginase  Half-life  Determination 

Two  crossbred,  12-week-o1d  littermate  pigs  (a  gilt  and  a  barrow)  were 
purchased  from  the  UIVMRF.  Following  a  24-hour  fast,  ketamine*  (20  mg/kg,  IM) 
followed  by  thlamylal^  (to  effect,  IV)  were  administered  to  Induce  and  maintain 
anesthesia.  A  16-gauge  catheter^  was  placed  Into  the  anterior  vena  cava  after 
an  external  jugular  vein  cutdown.  The  catheter  was  capped,  filled  with 
heparin,*^  and  burled  subcutaneously  caudal  to  the  base  of  the  right  ear. 
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2.0  ml /kg  IV  dose  of  liver  extract.  Serum  arginase  activity  reached  578  lU/L 
in  the  gilt  and  854  lU/L  In  the  barrow  following  liver  extract 
administration.  Both  pigs  had  a  predosing  serum  arginase  activity  of  l  lU/L 
and  both  pigs  vomited  twice  between  3  and  5  minutes  after  liver  extract 
administration.  No  further  adverse  effects  were  observed  and  both  pigs  ate 
normally  later  that  morning  and  afternoon.  The  serum  arginase  half-lives  for 
the  gilt  and  the  barrow  were  128.5  and  85.8  minutes,  respectively. 
liver  HI stopatholoqy  of  Swine  Administered  Microcvstin-A 

No  significant  histologic  changes  were  seen  In  the  gilt  administered  the 
ethanol /saline  vehicle.  The  liver  of  the  pig,  dosed  at  16  >ig/kg,  had  moderate, 
acute,  centrl lobular  hepatocyte  degeneration,  and  necrosis  with  mild  to 
moderate  hemorrhage  In  these  areas.  The  liver  of  the  pig,  dosed  at  24  jig/kg, 
was  severely  affected  with  massive  hepatocyte  degeneration,  and  necrosis  with 
severe  hemorrhage  In  all  lobular  regions  except  for  a  rim  of  periportal 
hepatocytes  a  few  cells  wide. 

Serum  Arginase  Activity  of  the  Microcystin-A  Dosed  Swine 

Figure  2  displays  the  serum  arginase  activities  of  the  2  gilts 
administered  mIcrocystIn-A  and  the  gilt  administered  ethanol  and  normal  saline 
only.  Serum  arginase  activity  of  the  swine  given  an  IV  Injection  of  vehicle 
remained  between  0  and  22  lU/L  over  the  entire  24-hour  period.  Increases  In 
serum  arginase  activity  occurred  between  8  to  14  hours  after  IV  Injection  of  a 
sublethal  dose  <16  ng/kg)  of  mIcrocystIn-A,  with  a  maximal  value  of 
approximately  250  lU/L  at  14  hours.  Serum  arginase  values  returned  to 
baseline  values  within  26  hours  following  the  sublethal  dose  of  mIcrocystIn-A. 
The  lethal  dose  of  mIcrocystIn-A  of  24  jxg/kg  produced  a  marked  Increase  In 
serum  arginase  from  2  hours  after  IV  administration  until  Immediately  prior  to 
death  when  a  maximum  value  of  approximately  1,450  lU/L  was  reached. 
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DISCUSSION 

A  comparison  of  tissue  arginase  activities  in  Table  1  demonstrates  that 
liver,  pancreas,  and  kidney  contain  the  greatest  amount  of  activity/g  organ 
weight.  Liver  arginase  activities  are  approximately  1  order  of  magnitude 
greater  than  that  of  pancreas  or  kidney,  2  orders  of  magnitude  greater  than 
salivary  glands  and  jejunal  mucosa.  3  orders  of  magnitude  greater  than  the 
quadriceps  muscles,  and  4  orders  of  magnitude  greater  than  the  other  tissues 
examined.  These  relative  arginase  activities  suggest  that  large  increases  in 
serum  arginase  activities  would  primarily  be  the  result  of  hepatocellular 
damage.  This  contention  is  strengthened  when  the  relative  mass  of  the  liver 
is  compared  to  that  of  the  pancreas  and  kidney. 

Species  variation  in  tissue  and  serum  argi.iase  activity  have  been 
reviewed.^  In  general,  tissue  arginase  activities  in  other  species  have 
presented  a  similar  relative  distribution  as  that  observed  here  for  swine.  In 
a  paper  comparing  Isoenzymes  in  liver  and  kidney  tissue  of  10  species, 
arginase  activity  of  porcine  liver  and  kidney  was  determined  to  be  44  lU/g  and 
1.55  lU/g,  respectively;^  similar  to  the  values  reported  here  of  34  lu/g  for 
liver  and  3.24  lU/g  in  kidney.  In  other  domestic  species,  the  highest  liver 
arginase  activity  reported  has  been  in  the  dog  (445  lU/g)  and  the  lowest  in 
sheep  (100  IU/g),2  thus  the  values  of  34  and  44  lU/g  in  swine  are  the  lowest 
determined  to  date.  The  serum  arginase  activity  in  the  swine  measured  here  of 
2.29  J/L  falls  between  the  activity  of  0.50  lU/L  reported  for  the  dog  and 
21.30  lU/L  for  the  rat, 2  and  close  to  that  of  1  lU/L  previously  reported  for 
swine. ^  The  serum  arginase  half-lives  of  85.8  and  128.5  minuies  were  similar 
to  that  reported  in  a  calf  (80  minutes). 2  This  is  in  contrast  to  the  19-hour 

half-life  of  another  urea  cycle  enzyme,  ornithine  carbamyl  transferase,  in 
11 


swine. 
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The  hepatotoxicity  of  mIcrocystIn-A  has  been  well  documented J 2- 15 
Hepatic  lesions  attributable  to  mIcrocystIn-A  observed  In  mice  and  rats  are 
numerous  and  Include  loss  of  sinusoidal  epithelium,  vesiculatlon  of  the  rough 
endoplasmic  reticulum  (mice),  swollen  mitochondria  (mice),  cell  lysis,  and 
centrllobular  necrosis.  Figure  2  suggests  that  the  latency  and  magnitude  of 
serum  arginase  activity  Increases  following  mlcrocystln-A  administration  are 
dose-dependent.  Prior  Investigations  have  evaluated  serum  arginase  elevations 
In  various  species  resulting  from  hepatic  damage  Induced  by  carbon 

tetrachloride  and  metabolic  changes  associated  with  starvation  and 
corticosteroids.^ Serum  arginase  activity  reached  316  lU/L  at  24  to  48 
hours  subsequent  to  oral  administration  of  0.2  to  3.0  ml/kg  body  weight  of 
carbon  tetrachloride  In  swine. ^  This  can  be  compared  to  the  maximum  values  of 
250  and  1,450  lU/L  following  IV  administration  of  a  sublethal  and  lethal  dose 
of  ralcrocystln-A. 

The  differences  In  behavior  of  arginase  and  the  transaminase  levels  In  the 
serum  of  the  dog,  horse,  sheep,  and  calf  have  afforded  a  technique  for 
distinguishing  the  duration  of  a  hepatic  Insult  and  evaluating  the  repair 
processes. 2  Subsequent  to  acute  hepatic  necrosis  Induced  by  orally 

administered  CCI4  In  these  4  species,  arginase  values  rose  significantly 
within  hours  and  returned  to  normal  or  below  normal  values  within  3  to  4 
days.  Transaminases  In  these  species  evidenced  the  same  rapid  rise  but 
remained  elevated  over  a  week.  The  more  rapid  rtturn  to  normal  levels  of 

arginase  In  nonprogressive  liver  necrosis  enables  a  determination  of  the 
nature  of  the  Injury:  a  progressive  hepatic  lesion  would  be  necessary  to 
maintain  an  Increase  In  serum  arginase.  Serum  arginase  activities  In  swine 
given  mIcrocystIn-A  appear  to  follow  a  shorter  time  course,  with  values 
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returning  to  normal  within  26  hours  of  the  sublethal  dose.  The  liver 
specificity  and  rapid  rate  of  clearance  of  arginase  from  serum  suggest  that  It 
will  be  a  meaningful  parameter  for  detecting  acute  hepatic  Injury  and 
assessing  progressive  vs  nonprogressive  hepatotoxic  processes  In  swine. 


I 
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Footnotes 

^Ketaset,  Bristol  Laboratories,  Syracuse.  NY. 

*JB1o-1:al,  Blo-Ceutic  Division,  Boehringer  Inglehelm  Animal  Health  Inc., 
St.  Joseph,  MO. 

CTygon  Microbore  Tubing,  A.  Daigger  and  Co.,  Chicago,  IL. 

^Heparin,  Elkins-Sinn  Inc.,  Cherry  Hill,  NJ. 

®L1doca1ne,  The  Butler  Co.,  Columbus.  OH. 

^Halothane,  Halocarbon  Laboratories  Inc..  Hackensack,  NJ. 

9Preparat1on  described  in  Harada  K,  Suzuki  M,  Dahlem  A,  et  al.  Improvement  of 
purification  method  for  toxic  peptides  produced  by  cyanobacteria.  TO/.1con  In 


press. 
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Table  1.  Mean,  standard  deviation  <SD),  and  range  of  arginase  activity  In 
tissues  and  serums  of  swine. 


Mean 

SD 

Range 

No.  of 

Tissue 

(lU/q) 

(lU/q) 

(lU/q) 

Animals 

Liver 

34.01 

25.48 

13.68  to 

74,89 

6 

Pancreas 

1^.43 

2.22 

2.60  to 

9.25 

6 

Kidney 

3.24 

1.57 

1.12  to 

5.79 

6 

Sal  Wary  gland 

0.52 

0.27 

0.27  to 

0.97 

6 

Jejunal  mucosa 

0.47 

0.16 

0.23  to 

0.63 

6 

Quadriceps 

0.10 

0.07 

0.00  to 

0.18 

5 

Lung 

0.03 

0.04 

0.00  to 

0.08 

6 

Adrenal 

0.03 

0.04 

0.00  to 

0.11 

6 

Spleen 

0.03 

0.04 

0.00  to 

0.06 

2 

Brain 

0.01 

0.01 

0.00  to 

0.03 

6 

Heart 

0.01 

0.01 

0.00  to 

0.03 

6 

Diaphragm 

0.03 

— 

— 

— 

1 

Serum 

*  1  1  1  /  i 

2.29* 

2.58* 

0.00  to 

5.24* 

6 

(IU/L) 

Ln  Serum  Arginase  Activity 
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XIII.  TOXICITY  OF  ONE  OR  TWO  INTRAPERITONEAL  DOSES  OF 
MICROCYSTIN-A  IN  MALE  SWISS  WEBSTER  MICE 
Randall  A.  Lovell,  DVM 


ABSTRACT 

Male  Swiss  Webster  (5W)  mice  were  administered  various  l.p.  dosages  of 
mIcrocystIn-A  (MCYST-A)  to  establish  dose-response  curves  and  to  determine  If 
a  sublethal  dose  of  MCYST-A  provides  protection  against  a  LDioo  ">10  given  3 
days  later.  Mlcrocystln-A  has  a  steep  dose-lethal  response  curve  In  SW  mice: 
LD50  -  60  vig/kg,  LDq  max  «  50  ^g/kg,  and  LDioq  ■  ^0  to  75  ng/kg.  Liver 
weights  Increased  511  and  kidney  weights  Increased  20X  within  200  min 
following  l.p.  administration  of  a  LO]oo  0^  MCYST-A  In  naive  mice. 
Grossly  and  histologically,  the  marked  Increase  In  liver  weight  appeared  to  be 
caused  primarily  from  Intrahepatlc  hemorrhage  and  death  Is  probably  a  result 
of  hemorrhagic  shock.  Administration  of  a  LD23  resulted  In  significantly 

Increased  survivability  and  survival  time  when  a  subsequent  LD^oo 
given  3  days  later.  Survivors  of  the  LO23/LD100  regimen  had  96-hour 

postdosing  liver  weights  which  were  not  significantly  different  from  those  of 
mice  which  died  acutely  after  the  same  hepatotoxin  treatments.  These 
survivors  showed  weakness,  recumbency,  anorexia,  and  jaundice  and  had  marked 
gross  liver  lesions.  Histologically  these  lesions  were  undergoing  rapid 
reparative  processes. 

INTRODUCTION 

This  paper  reports  the  results  of  a  study  designed  to  determine  whether 
administration  of  MCYST-A  would  protect  against  a  second  consistently  lethal 
dose  of  MCYST-A.  Clinical  signs,  survival  times,  liver  and  combined  kidney 
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weights,  and  lesions  In  male  Swiss  Webster  mice  are  also  reported  following  1 
or  2  l.p.  doses  of  purified  MCYST-A.  The  study  was  conducted  In  part  to 
confirm  presumptive  evidence  suggestive  of  a  protective  effect  of  MCY3T-A  from 
a  second  dose  of  the  toxin  In  Balb-C  mice,  as  reported  on  pages  131-144  of  the 
1986  Annual  Report. 

MATERIALS  AND  METHODS 

One  hundred  forty-four  male,  6-week-old,  Swiss-Webster  mice  weighing  22  to 
28  grams  were  obtained  from  the  Charles  River  Company.  The  mice  were  fed  a 
commercial  rodent  chow  and  provided  water  ad  libitum.  They  were  placed  on  a 
12-hour  1 1ght/12-hour  dark  photoperiod  and  given  a  2-week  acclimation  period. 

All  doses  were  given  by  l.p.  administration.  The  MCYST-A  solution 
consisted  of  >  95X  pure  MCYST-A,  In  a  vehicle  of  0.91  saline  containing  0.11 
ethanol.  Preliminary  trials  with  30  mice  established  55  pg/kg  as  an 
approximate  LD30  dose  and  75  pg/kg  as  an  approximate  LD]oo  min. 

On  Day  0,  48  mice  were  administered  55  vig/kg  of  a  freshly  prepared 
solution  <3.0  pg/ml)  of  MCYST-A.  Thirty-six  mice  were  administered  an 
equivalent  volume  of  vehicle.  Three  days  later,  the  37  MCYST-A  dosed  mice 
that  survived  the  Day  0  hepatotoxin  dosing,  24  of  the  Day  0  vehicle-dosed 
mice,  and  24  additional  mice  given  no  Day  0  treatment  were  administered 
MCYST-A  l.p.  at  75  jig/kg.  Also  on  Day  3,  12  of  t.is  mice  given  the  vehicle  on 
Day  0  and  6  mice  given  no  Day  0  treatment  were  administered  the  vehicle. 

Half  of  the  mice  administered  the  vehicle  on  Day  0  and  Day  3  and  the  mice 
given  the  vehicle  only  on  Day  3  were  killed  on  Day  4.  All  preliminary  and 
formal  study  mice  surviving  a  dose  of  hepatotoxin  and  the  remaining  mice  given 
the  vehicle  on  Day  0  and  Day  3  were  killed  on  Day  7.  Improper  dosing  or  a 
left  microkidney  caused  2  mice  to  be  disqualified  from  this  study.  Monitoring 
of  clinical  signs  was  conducted  for  10  hours  after  the  Day  0  and  Day  3  dosings 
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and  every  4  hours  thereafter.  Necropsies  were  performed  within  4  hours  of 
death.  Mice  were  killed  by  cervical  dislocation  and  liver  (Including 
gallbladder)  and  combined  kidney  weights  (capsule  removed)  weights  were 
obtained.  All  organ  weight  data  was  transformed  to  percentage  live  body 
weight  (X  bw).  Sections  of  kidneys,  liver,  heart,  lung,  and  spleen  were  fixed 
In  lOX  neutral  buffered  formalin,  routinely  processed,  embedded  In  paraffin, 
cut  at  5  to  6  VI,  and  stained  with  hematoxylin  and  eosin. 

STATISTICAL  ANALYSIS 

Covariate  analysis  was  performed  on  the  natural  logarithms  of  the  liver 
weight  (LLIVWT)  and  kidney  weight  (LKIDWT)  data  from  the  95  mice  administered 
MCYST-A  during  the  formal  study  (raw  data  without  transformation  to  natural 
logarithms  Is  presented  In  the  Appendix  for  Section  XIII  which  begins  on  page 
245).  In  these  analyses,  mice  were  grouped  (TRT)  according  to  their  Day  0  and 
Day  3  treatments  (Table  1).  The  following  models  were  used  in  the  covariate 
analysis  of  this  data: 

a.  LLIVHT  .  CONSTANT  +  TRT  +  LST 

b.  LLIVHT  -  CONSTANT  +  TRT  +  RES 

c.  LKIDHT  .  CONSTANT  +  TRT  +  LST 

d.  LKIDHT  .  CONSTANT  +  TRT  +  RES 

In  these  models,  LST  and  RES  serve  as  the  covariate;  LST  -  natural  log  of 

survival  time  In  minutes;  and  RES  «  a  response  variable  chosen  on  the  basis  of 

clinical  signs  and  gross  lesions  present  in  mice  which  survived  for  similar 
periods  of  time.  If  survival  time  <  5.5  hours,  the  RES  -  peracute  death;  If 
survival  time  ^  5.5  hours  and  <  48  hours,  then  RES  •  acute  death;  If  survival 
time  >  48  hours  and  <  96  hours,  then  RES  ■  subacute  death;  If  survival  time 
>  96  hours,  then  RES  ■  survivor;  If  mice  were  administered  vehicle  on  Day  3, 
then  RES  •  control . 


-  141  - 


The  Student  Newman  Keuls'  <SNK)  test  of  means  with  unequal  sample  sizes 
and  the  Bartlett  Test  for  homogeneity  of  group  variances  were  also  used  to 
check  for  differences  (a  -  0.05)  In: 

a.  LLIVWT  and  LKIDWT  among  the  3  vehicle  control  groups. 

b.  LLIVWT  among  the  11  TRT  x  RES  groups  (Table  2). 

c.  LKIDWT  among  the  5  RES  groups  (Table  3). 

d.  Rank  of  survival  time  among  the  4  TRT  groups  (Table  4);  only  mice 

which  died  were  used  in  this  comparison. 

The  cumulative  probability  for  the  binomial  (CPB)  (Fleiss,  1981)  was  used 
to  test  for  significant  differences  (outside  the  951  confidence  Interval)  in 
survival  between  TRT  groups  55/75,  Veh/75,  and  no  trt/75  following  the  75 
ug/kg  Ip  dose  of  MCYST-A  on  Day  3  (Table  5).  Student’s  t-test  was  used  to 
compare  the  LLIVWT  and  LKIDWT  of  the  17  formal  vehicle  control  mice  with  those 
of  the  18  preliminary  mice  that  survived  10  to  12  days  after  single  doses  of 
MCYST-A  (Table  6). 

RESULTS 

Analyses  of  survival  time  and  survival  data  are  presented  In  Tables  4  and 
5.  In  mice  that  died  peracutely,  decreased  responsiveness/movement  was  the 
first  observed  adverse  effect  occurring  35  to  50  min  postdosing. 
PI loerectlon,  limited  movement,  1n:reased  respiratory  rate,  and  mild  pallor  of 
the  extremities  followed.  A  peculiar  "hopping  movement"  was  observed  In  the 
majority  of  these  mice  within  45  min  of  death.  Mice  would  be  recumbent  and 
still,  away  from  the  other  mice,  with  eyes  closed  when  a  whole  body  tremor, 
opening  of  the  eyes,  and  a  "hop"  of  up  to  several  cm  in  height  was  observed. 
This  reaction,  which  lasted  less  than  3  seconds  and  occurred  more  than  once  in 
many  mice,  was  quickly  followed  by  a  return  to  the  eyes  closed,  recumbent 
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position.  Severe  pallor  of  the  extremities,  weakness  (Inability  to  stand), 
and  marked  Increases  In  rate  and  depth  of  respiration  preceded  death. 

In  mice  that  died  acutely,  decreased  responsiveness-movement,  first 
occurred  at  50  to  75  min  postdosing.  The  mice  were  capable  of  walking  around 
the  cage  for  several  hours  after  onset  of  111  effects.  The  stage  of 
pi loerectlon,  limited  movement.  Increased  respiratory  rate  and  pallor  of  the 
extremities  progressed  much  slower  In  mice  that  died  acutely  vs  those  that 
died  peracutely.  None  of  the  mice  which  died  acutely  were  observed  attempting 
to  eat  or  drink  after  the  onset  of  clinical  signs.  The  "hopping  movement," 
was  observed  sporadically  In  this  group,  but  It  was  not  as  severe  as  In  mice 
that  died  peracutely  and  was  not  always  associated  with  Impending  death. 

In  the  mice  that  died  subacutely,  decreased  responsiveness-movement  was 
evident  within  90  min  postdosing.  These  mice  would  slowly  walk  when  gently 
urged  for  40  hours  postdosing  but  were  often  observed  lying  stlH.  Some  of 
the  mice  drank  and  attempted  to  eat  between  48  hours  postdosing  and  death. 
After  these  activities,  the  mice  were  recumbent  for  several  minutes  with 
prominent  Increases  In  rate  and  depth  of  respiration.  Jaundice  and  an 
enlarged  abdomen  developed  between  48  hours  postdosing  and  death  In  several 
mice  of  this  group.  The  "hopping  movement"  was  observed  sporadically 
beginning  at  36  hours  postdosing  In  2  mice  of  this  group. 

Of  9  mice  that  survived  the  second  dose  of  MCYST-A,  3  showed  no  111 
effects  for  the  entire  96-hour  postdosing  obsf  -atlon  period.  Two  of  these 

mice  were  given  the  vehicle  on  Day  0.  The  6  m.ce  that  survived  and  exhibited 
clinical  signs  had  been  given  MCYST-A  at  55  pg/kg  on  Day  0.  In  these  6  mice, 
decreased  responsiveness-movement  was  evident  within  2  hours  postdosing  (Day 
3),  but  they  never  lost  the  ability  to  walk  slowly  when  gently  urged.  No 
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"hopping  movements"  were  observed  In  these  6  mice.  For  48  hours  postdosing, 
these  mice  lay  still  with  other  cage  members.  From  60  hours  postdosing  until 
these  mice  were  killed  by  cervical  dislocation  (96  hours  postdosing),  a  slow 
but  steady  Improvement  In  appetite,  strength,  and  responsiveness  was 
observed.  These  6  mice  developed  mild-severe  jaundice  and  1  developed  a 
severely  enlarged  abdomen  between  48  and  96  hours  postdosing.  Mice  were 
classified  as  survivors  and  the  experiment  was  terminated  at  approximately  96 
hours  postdosing  because  all  mice  still  alive  following  MCYST-A  administration 
on  Day  3  had  been  observed:  (a)  eating,  (b)  drinking,  and  (c)  rearing  (which 
was  not  observed  postdosing  In  any  mouse  that  died). 

No  clinical  signs  were  observed  In  any  mouse  administered  the  vehicle 
alone.  At  24  hours  after  the  Day  0  treatment,  no  clinical  signs  were  observed 
In  any  of  the  surviving  mice. 

Organ  Heights 

In  both  LLIVWT  models,  there  was  a  significant  difference  (p  <  .001)  In 
mean  liver  weight  among  the  4  treatment  (TRT)  groups.  The  covariate,  either 
RES  or  LST,  had  a  significant  Influence  (p  <  .001)  on  liver  weight.  The 
comparison  of  LLIVWT  between  groups  sorted  by  the  2  variables  (RES  and  TRT) 
which  significantly  Influenced  liver  weights  In  the  covariate  analysis  Is 
presented  In  Table  3. 

In  both  LKIDWT  models,  there  were  no  significant  differences  (p  «  .62  or 
.70)  In  mean  kidney  weight  among  the  4  treatment  (TRT)  groups.  In  contrast, 
the  covariate,  either  RES  or  LST,  had  a  significant  Influence  (p  <  .001)  on 
kidney  weight.  The  comparison  of  LKIDWT  by  response  (RES)  Is  presented  In 
Table  3. 


A  I 


Gross  lesions 


Mice  that  died  peracutely  had  markedly  swollen,  hemorrhagic  dark  red 
livers  and  severe  pallor  of  the  carcass.  Mice  that  died  acutely  had  severely 
swollen  hemorrhagic  mottled  reddish-brown  livers  with  moderate-severe  pallor 
of  the  carcass.  Mice  that  died  subacutely  had  moderately  swollen  extremely 
mottled  red-white  livers  with  mild-severe  jaundice,  and  nraderate  pallor  of  the 
carcass.  The  6  survivors  that  displayed  clinical  signs  had  moderately  to 
severely  enlarged,  firm,  solid  white  to  mottled  pink-white  livers  and 
mild-moderate  pallor  of  the  carcass.  Gross  lesions  were  not  found  In  the 
kidneys  of  any  mice  In  this  study.  No  gross  lesions  were  present  in  the  3 
survivors  that  displayed  no  adverse  effects  and  in  the  17  vehicle  control  mice. 
Histologic  Lesions 

Treatment  associated  lesions  were  restricted  to  the  liver.  All  mice  that 
died  peracutely  had  similar  lesions,  characterized  by  severe  centrl lobular 
hepatocyte  d1 sassoclatlon,  rounding,  degeneration,  and  necrosis,  which 
frequently  extended  Into  the  midzonal  hepatocytes.  Marked  hepatocyte  loss  was 
evident  In  these  regions.  In  severely  affected  areas,  there  was  breakdown  and 
loss  of  sinusoidal  endothelium,  disruption  of  normal  architecture,  and  severe 
hemorrhage.  Hepatocytes  In  less  severely  affected  midzonal  and  periportal 
areas  often  ‘•ad  one  to  several  large,  clear,  Intracytoplasmic  vacuoles.  In 
most  lobules,  all  hepatocytes  were  affected  except  for  a  rim  of  periportal 
hepatocytes  from  1  to  6  cell  layers  deep.  These  liver  lesions  were  Identical 
to  those  observed  In  Balb-C  mice  which  died  peracutely  In  a  previous  study. 

The  livers  of  mlc  surviving  5.5  to  24  hours  were  similar  to  those 
described  above  except  that  hepatocyte  d1 sassoclatlon  and  necrosis  In  the  most 
severely  affet.ed  centrl lobular  regions  were  more  marked  with  prominent 
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cellular  shrinkage,  nuclear  pyknosis,  and  karyorrhexis.  In  addition,  small 
numbers  of  neutrophils  and  a  few  lymphocytes  were  seen  Infiltrating  these 
areas.  Moderate  cellular  swelling  was  present  In  periportal  and  remaining 
midzonal  hepatocytes  resulting  In  a  reduction  of  sinusoidal  lumlna. 

The  livers  of  mice  surviving  24  to  48  hours  were  characterized  by  severe 
centrl lobular  and  variable  midzonal  heirorrhage  with  an  Infiltration  of 
moderate  numbers  of  neutrophils  and  smaller  numbers  of  lymphocytes  and 
macrophages.  The  remaining  hepatocytes  In  these  areas  had  undergone 
coagulative  necrosis  and  were  frequently  replaced  by  cellular  debris.  Intact, 
midzonal,  and  periportal  hepatocytes  were  moderately  swollen  causing 
obliteration  of  numerous  '’lusolds.  In  scattered  areas,  these  hepatocytes 
often  contained  one  to  several  large,  clear,  Intracytoplasmic  vacuoles. 

The  livers  of  mice  surviving  48  to  72  hours  appeared  similar  to  those  at 
48  hours  or  were  characterized  by  severe  Infiltration  of  macrophages  with  a 
few  neutrophils,  lymphocytes,  and  fibroblasts  Into  the  centrl lobular  areas. 
There  was  a  marked  reduction  In  erythrocytes  and  cellular  debris.  Hepatocytes 
adjacent  to  centrl lobular  areas  were  haphazardly  packed  together  with  no 
normal  arcf'  ture.  The  hepatocytes  had  abundant,  streaming,  slightly 
basophilic  cytoplasm  and  large,  pale  nuclei  often  containing  several  prominent 
nucleoli.  Remaining  midzonal  and  periportal  hepatocytes  were  severely 
swollen,  forming  almost  continuous  sheets  of  cells  which  obscured  almost  all 
sinusoids  In  these  areas.  The  cytoplasm  of  these  cells  was  often  pale  and 
contained  numerous  very  small  cytoplasmic  vacuoles. 

The  livers  of  mice  surviving  72  to  96  hours  were  similar  to  mice  at  48  and 
72  - hours.  In  centrl  lobular  areas,  1  to  3  mi  totic  figures  were  seen  per  high 
power  field.  In  addition  to  numerous  small  capillaries  (neovascularization). 
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Small  to  moderate  numbers  of  macrophages  and  a  few  lymphocytes  had  Infiltrated 
these  areas.  Cellular  swelling  obliterating  most  of  the  sinusoidal  lumlna  was 
prominent  In  midzonal  and  periportal  regions. 

DISCUSSION 

A  steep  dose  lethal  response  curve  was  evident  In  the  preliminary  mice  of 
this  study  and  the  LDq  max  <50  vig/kg>  was  approximately  83X  of  the  LD50 
<60  pg/kg).  This  was  In  agreement  with  Intrarumlnal  administration  of  algal 
cells  In  sheep  In  •■:-.lch  the  consistently  sublethal  dose  was  greater  than  90X 
of  the  LD50  < Jackson  et  ,  1984). 

During  2  trials  preceding  this  study,  a  "protective  effect"  was  suggested 
wnen;  a)  2  Balb-C  mice  survived  a  MCYST-A  dose  of  30  ng/kg  and  3  days  later 
survived  a  35  or  40  pg/kg  l.p.  dose,  and  b)  3  of  5  male  Balb-C  mice  survived  a 
30  pg/kg  <LD3o)  dose  and  2  days  later  survived  a  40  jig/kg  <LDioo  dose. 
Due  to  the  small  number  of  animals,  however,  the  protective  effect  results  In 
these  studies  were  considered  Inconclusive.  The  LD23  dose  of  MCYST-A  In  this 
study  did  provide  a  "protective  effect"  from  an  LDioo  administered  3  days 
later.  The  "protective  effect"  was  manifested  In  both  increased  survival  time 
and  survival  <Table  4  and  5).  Even  though  we  selected  for  "resistant" 
Individuals  In  the  55/75  group,  there  was  a  highly  significant  Increase  In 
rank  of  survival  time  In  the  55/75  group  when  compared  to  the  survival  time  of 
the  most  "reslstanr"  77X  of  mice  In  the  other  3  treatment  groups.  Thus,  the 
sublethal  effects  of  the  55  pg/kg  dose  appear  to  be  responsible  for  the 
Increased  survival  time.  Dose  also  significantly  Influenced  rank  of  survival 
time  since  the  24  naive  mice  given  no  trt/75  died  at  an  earlier  time  than  the 
11  naive  mice  after  being  given  55  Mg/kg.  Increased  survival  In  the  55/75 
group  cannot  be  attributed  to  prevention  of  massive  Increases  In  liver  weight 
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(Table  2)  or  solely  to  the  primary  effects  of  the  MCYST-A  administered  on  Day 
0  since  mice  given  veh/75  also  had  survivors.  Since  pharmacologic  doses  of 
hydrocortisone  prevented  deaths  In  mice  given  "lethal"  doses  of  MCYST-A  (Adams 
et  ,  1985),  then  the  stress  of  handling,  the  administration  of  vehicle 
(ethanol  and  physiologic  saline),  and  the  sublethal  effects  of  MCYST-A  may  all 
play  a  role  In  Increased  survival. 

Unlike  CCI4,  mixed  function  oxidase  Inhibitors  do  not  seem  to  effect  the 
toxicity  of  MCYST-A  (Adams  et  1985).  Bile  acid  carriers  are  likely  to  be 
Involved  In  entry  of  the  microcystin  Into  hepatocytes  (Runnegar  et  ^. ,  1981), 
In  Its  absorption  from  the  Intestinal  tract,  and  In  Its  selective  accumulation 
In  the  liver  (Falconer  et  ,  1986).  Bile  acid  uptake  by  the  perinatal  rat 
liver  Is  limited  by  immaturity  of  bile  acid  carriers  (Suchy  £t  ^. ,  1986),  and 
this  may  explain  why  young  (1  to  3  weeks)  mice  were  unaffected  by  "lethal" 
doses  of  MCYST-A  (Adams  et  al..,  1985). 

The  "protective  effect"  of  the  LD23  of  MCYST-A  In  this  study  Is  similar  to 
the  "protective  effect"  of  a  sublethal  dose  of  carbon  tetrachloride  (Adams  ^ 
aj.. ,  1985).  With  CCI4,  an  increase  In  survival  time  was  observed  after  mice 
were  subsequently  challenged  with  a  "lethal"  dose  of  MCYST-A  although  >  80%  of 
the  mice  died  within  4  days.  The  protective  effect  Induced  by  the  2  agents 
could  be  a  result  of  less  efficient  uptake  by  the  bile  acid  carriers  of  the 
damaged  hepatocytes  or  lesser  acute  hemorrhage  Into  the  already  disrupted  and 
distended  liver,  among  other  possibilities. 

In  mice  which  died  peracutely,  those  given  55/75  had  significantly  higher 
liver  weights  than  mice  given  veh/75  and  no  trt/75.  This  suggests  that  the 
sublethal  (55  pg/kg)  dose  of  MCYST-A  had  caused  a  slight  Increase  in  liver 
weight  prior  to  the  lethal  dose,  similar  to  the  findings  In  a  previous  study 
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with  Balb-C  mice.  There  was  a  definite  Inverse  relationship  between  survival 
time  and  liver  weight  In  the  mice  that  died  (Table  2).  As  predicted  by  the 
preliminary  study,  the  24  no  trt/75  mice  that  died  peracutely  had 
significantly  greater  liver  weights  than  the  9  that  died  peracutely  after  one 
55  vig/kg  dose  (Table  3).  Although  dose  appeared  to  affect  liver  weight  In 
this  study,  the  possibility  that  more  susceptible  mice  died  with  lower  liver 
weights  was  not  ruled  out.  In  the  3  survivors  that  showed  no  clinical  signs 
and  had  livers  that  appeared  grossly  and  histologically  normal,  liver  weights 
were  higher  than  the  highest  vehicle  control  value.  Indicating  that  some  liver 
damage  had  occurred  due  to  MCYST-A  administration. 

The  marked  Increase  In  liver  wel'rht  of  mice  that  die  following  MCYST-A 
administration  grossly  and  histologically  appears  to  be  caused  primarily  by 
hemorrhage.  These  findings  and  the  extreme  pallor  of  the  carcass  were 
compatible  with  death  from  hemorrhagic  shock.  Although  the  exact  mechanism  of 
action  of  MCYST-A  Is  unknown.  It  has  been  suggested  that  It  may  cause 
destabilization  of  the  liver  cytoskeleton  (Runnegar  and  Falconer,  1982; 
Runnegar  and  Falconer,  1986).  Hhether  significant  destabilization  actually 
occurs  and  whether  this  causes  sufficient  disruption  of  liver  architecture  to 
result  In  hemorrhage  remains  to  be  demonstrated. 

The  time  course  and  degree  of  changes  In  orga"  weights  and 
gross/hi stologic  findings  suggests  that  the  liver  Is  the  primary  target  organ 
and  that  the  kidneys  are  secondarily  affected  following  administration  of 
MCYST-A.  The  significant  Increase  In  kidney  weight  may  be  related  to  hypoxia, 
edema,  decreased  glomerular  filtration  rate  (Increased  solute  retention), 
and/or  embolic  hepatic  debris  that  has  passed  through  the  lungs. 

The  liver  and  kidney  weight  data  of  the  18  preliminary  mice  (Table  6), 
when  compared  to  the  17  control  mice,  suggest  that  recovery  from  a  single 
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sublethal  dose  of  MCYST-A  Is  accompanied  by  a  significant  dose  dependent 

decline  In  liver  weight  and  gain  In  kidney  weight  10  to  12  days  postdosing. 

There  were  marked  gross  differences  between  the  dark  red,  enlarged, 

hemorrhagic  livers  of  mice  which  died  peracutely  and  the  livers  of  most  55/75 
survivors  which  were  swollen,  firm,  and  nearly  solid  white.  Prior  to  this 
study,  we  had  observed  no  significant  variation  In  lesions  and  no  subacute  or 
chronic  lesions  In  the  livers  of  animals  that  died  spontaneously  following 

MCYST-A  administration.  Mice  and  rats  either  sujvlved  with  no  visible  lesions 
or  tn-y  died  with  extensive  hepatic  damage.  Following  a  sublethal  dose  of 
MCYST-A,  hepatocyte  necrosis  and  hemorrhage  In  mice  that  survive  a  subsequent 
LDioo  reduced  severity.  Involving  only  the  centrl  lobular  and 

portions  of  the  midzonal  regions  of  most  lobules.  More  Importantly,  within  48 
to  96  hours,  degenerative  changes  cease,  and  active  reparative  processes. 
Including  hepatocyte  mitosis,  neovascularization,  and  phagocytosis  of  necrotic 
debris  rapidly  proceeds.  This  Is  In  contrast  to  some  hepatotoxic  agents  such 
as  carbon  tetrachloride  which  causes  the  development  of  degenerative  hepatic 
changes  and  fibrosis  over  long  periods  of  time  after  the  Initial  exposure 
(Schiff  and  Schiff,  1982).  The  present  study  Indicates  that  subacute  hepatic 
lesions  following  MCYST-A  administration  can  occur,  and  repair  of  the  hepatic 
lesions  begins  rapluiy  thereafter.  The  subacute  and  chronic  effects  of 
sublethal  exposure  to  r“''ST-A  deserve  closer  scrutiny. 
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Table  1.  Day  0  and  Day  3  treatment  (TRT)  groups  of  mIcrocystIn-A  (MCYST-A) 
In  6-week-old  male  Swiss  Webster  mice. 


Day  0  TRT~1  .p. 

Dose  of  MCYST-A 

Day  ^  TRT— l.p. 

Dose  of  MCYST-A 

N 

R.^pr^sentatlon  of 
TRT  In  the  Test 

55  pg/kg 

— 

11 

55/— 

55  pg/kg 

75  pg/kg 

37 

55/75 

Vehicle 

75  pg/kg 

23 

Veh/75 

No  treatment 

75  pg/kg 

24 

no  trt/75 

~  Mice  died  following  Day  0  treatment. 
N  ■  number  of  mice. 


* 


1 
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Table  2.  Means  and  standard  deviations  of  the  natural  logs  of  liver  weight 
(percent  bw)  of  6-week-old  male  Swiss  Webster  mice.  They  are 
grouped  according  to  treatment  (TRT)  and  response  ^RES). 


Dav  0  TRT 

Dav  3  TRT 

ResDonse 

N 

Natural  Log 

Liver  Weight  ±  SD 

SNK 

* 

no  trt/veh 

vehicle 

vehicle  control 

17 

1.674  +  0.068 

A 

vehicle 

75  pg/kg 

survivor 

2 

1.759  +  0.048 

B 

55  pg/kg 

— 

acute  death 

2 

1 .871  i  0.023 

B.C 

55  vig/kg 

75  pg/kg 

subacute  death 

8 

1.893  ±  0.088 

B.C 

vehicle 

75  pg/kg 

acute  death 

2 

1.901  ±  0.059 

B.C 

55  pg/kg 

75  pg/kg 

survivor 

7 

1.984  +0.115 

C.D 

55  v^g/kg 

75  ng/kg 

acute  death 

7 

2.017  +  0.021 

D.E 

55  ug/kg 

— 

peracute  death 

9 

2.023  +  0.057 

D.E 

vehicle 

75  ng/kg 

peracute  death 

19 

2.056  +  0.054 

E.F 

no  trt 

75  pg/kg 

peracute  death 

24 

2.085  +  0.057 

F 

55 

75  pg/kg 

peracute  death 

15 

2.151  +  0.054 

G 

‘Means  with  different  letters  are  significantly  different  (p  <  .05)  from  each 
other. 

The  Bartlett  Test  for  homogeneity  of  group  variances  did  not  detect 
significant  differences  <p  -  .054). 


—Mice  died  following  Day  0  treatment. 
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Table  3.  Means  and  standard  deviations  of  the  natural  logs  of  kidney  weight 
(percent  bw)  In  6-week-o1d  male  Swlst  Webster  mice.  They  are 
grouped  accordlnc  to  response  (RES). 


Response 

N 

Natural  Log 
Kidney  Weight 
Mean  ±  SD 

SNK 

* 

Survivors 

9 

0.178  i  0.101 

A 

Vehicle  control 

17 

0.187  ♦  0.081 

A 

Subacute  death 

8 

0.248  t  0-102 

A 

Acute  death 

11 

0.339  i  0.080 

B 

Peracute  death 

67 

0.372  +  0.084 

8 

‘Means  with  different  letters 
other  by  the  SNK  test. 

are 

significantly  different  (p  < 

.05)  from  each 

The  Bartlett  Test  for  honwgenelty  of  group  variances  did  not  detect 
significant  differences. 
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Table  4.  Means  and  standard  deviations  of  the  natural  logs  of  survival  time 
In  minutes  and  the  rank  of  survival  time  for  the  86  mice  which  died 
following  MCYST-A  administration  In  6-week-old  male  Swiss  Webster 
mice.  They  are  grouped  according  to  treatment  (TRT). 


Dav  0  TRT 

Oav  3  TRT 

N 

Rank  of 
Survival  Time 
Mean  ±  SD 

SNK 

* 

Natural  Log  of 
Survival  Time 
Mean  ±  SD 

no  trt 

75  pg/kg 

?4 

21.9  +  16.2 

A 

4.919  +  0.185 

vehicle 

75  pg/kg 

21 

31.8  +  19.2 

A 

5.198  i  0.655 

55  jig/kg 

— 

11 

48.5  +  21.2 

B 

5.415  +  0.702 

55  pg/kg 

75  pg/kg 

30 

71.5  t  17.3 

C 

6.501  +  1.293 

‘Rank  of  survival  time  means  with  different  letters  are  significantly 
different  (p  <  .05)  from  each  other  by  the  SNK  test. 

The  Bartlett  Test  for  homogeneity  of  group  variances  of  rank  of  survival  time 
did  not  detect  significant  differences.  No  comparison  between  groups  based 
on  natural  log  of  survival  time  In  minutes  was  performed  since  the  Bartlett 
Test  for  homogeneity  of  group  variances  was  significant  (p  <  .001). 


—Mice  died  following  Day  0  treatment. 
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Table  5.  Number  and  percentage  of  6-week-o1d  male  Swiss  Webster  mice 
surviving  a  LD^qo  MCYST-A,  These  mice  are  grouped  according 

to  treatment  (TRT). 


Dav  0  TRT 

Dav  3  TRT 

N 

# 

Surv 

X 

Surv 

* 

95X  Confidence 
Interval  (CPB) 

55  jig/kg 

75  pg/kg 

37 

7 

18.9 

A 

7.96  to  35.16X 

vehicle 

75  pg/kg 

23 

2 

8.7 

A.B 

1.07  to  28.04X 

no  trt 

75  pg/kg 

24 

0 

0.0 

B 

0.00  to  14.25X 

•Percent  survivors  with  different  letters  are  significantly  different  (outside 
the  951  confidence  interval  of  the  CP8)  from  each  other. 


Table  6.  Means  and  standard  deviations  for  the  LLIVWT  and  LKIDHT  for  the  18 
preliminary  study  mice  surviving  various  l.p.  doses  of  MCYST-A  for 
10  to  12  days. 

LLIVWT  LKIDWT 


Dose _ Survival  Time _ N  Mean  ±  SD _ Mean  ±  SD 


35  pg/kg 

12  days 

1 

1.452 

0.392 

50  pg/kg 

10  to  12  days 

8 

1.542  +  .030 

0.299  i  .065 

55  pg/kg 

10  to  11  days 

3 

1.568  t  -056 

0.276  +  .064 

60  pg/kg 

10  days 

4 

1.586  +  .054 

0.260  +  .017 

65  pg/kg 

10  days 

2 

1.637  i  .080 

0.255  1  .000 

35  to  65  Jig/kg 


10  to  12  days 


18 


1.562  +  .057 


0.287  +  .058 
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XIV.  INHIBITION  OF  BRAIN  CHOLINESTERASE  AND  REVERSIBILITY 
OF  PLASMA.  RED  BLOOD  CELL.  AND  DIAPHRAGM  CHOLINESTERASE 
IN  MICE  AFTER  INJECTION  OF  ANATOXIN-A(S)  COMPARED 
TO  CARBAMATE  AND  ORGANOPHOSPHORUS  AGENTS 
W.  0.  Cook 


INTRODUCTION 

Physiologically  distinct  neurotoxins  isolated  from  strains  of  the 
freshwater  cyanobacterium  Anabaena  flos-aquae  from  Canada  have  been  termed 
"anatoxins  <antx)-a.  -b.  -d.  -a<s>.  and  -b(s)"  (1).  These  toxins  were 
distinguished  from  one  another  based  on  opisthotonus,  salivation,  and  survival 
time  in  exposed  mice.  rats,  and  chickens.  Antx-als)  and  -b(s)  caused  clinical 
signs  similar  to  antx-a  and  antx-b.  but  also  stimulated  excessive  salivation 
as  indicated  by  the  "s".  Production  is  somewhat  strain  specific;  Anabaena 
flos-aquae  NRC  44-1  produces  antx-a.  whereas  Anabaena  flos-aquae  NRC  525-17 
produces  antx-a<s)  <2). 

In  mice  and  rats  antx-a(s)  produced  signs  of  excessive  nicotinic  and 
muscarinic  cholinergic  stimulation  (2).  Mice  pretreated  with  atropine  sulfate 
and  injected  intraperitoneal ly  <1p)  with  high  doses  of  antx-a(s>  survived 
longer  and  had  no  parasympat'-'omimetic  signs,  but  still  died  of  respiratory 
arrest  and  convulsions  suggesting  that  toxicity  was  due  to  more  than  just  the 
muscarinic  action  of  antx-a<s).  Mahmood  and  Carir-ichael  postulated  that  the 
mechanism  of  toxicity  of  antx-a<s)  was  cholinesterase  <ChE)  inhibition  after 
demonstrating  that  antx-a(s>  In  vitro  was  an  irreversible  inhibitor  of  human 
red  blood  cell  and  electric  eel  (EC  3. 1.1. 7)  ChE.  and  in  vivo  Inhibited  rat 
serum  ChE  activity  (2.4).  Because  of  its  extremely  polar  character,  as 
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evidenced  by  minimal  migration  even  with  very  polar  solvents  on  normal  phase 
thin-layer  silica  chromatography  plates  (Dahlem  and  Beasley,  personal 
communication,  1987),  antx-a(s>  would  be  expected  to  cross  the  blood-brain 
barrier  poorly. 

The  purpose  of  this  study  was  to  examine  the  Iji  vivo  reversibility  of 
plasma,  red  blood  cell  (RBC),  and  diaphragm  ChE-Induced  Inhibition  due  to 
antx-a(s)  In  mice.  To  aid  In  Interpretation,  antx-a(s)  was  compared  to  the 
reversible,  peripheral-acting  carbamate,  pyridostigmine  bromide,  and  to  the 
central  and  peripheral -acting.  Irreversible  organophosphorus  compound, 
paraoxon.  The  preliminary  study  which  helped  to  enable  this  work  Is  presented 
on  pages  34-35  of  the  1986  Annual  Report. 

MATERIALS  AND  METHODS 

Male,  25g  to  35g,  Balb/c  mice  (Sprague  Dawley,  Indianapolis,  IN)  were 

housed  In  air-conditioned  quarters  on  a  10/14  hour  dark/1 Ight  cycle  and  were 
provided  food  (Rodent  Blox,  Wayne  Research  Animal  Diet,  Bemis  Co.,  Inc., 

Peoria,  ID  and  water  ^  libitum. 

Mice  were  Injected  Ip  with  semipurlfled  antx-a(s),  pyridostigmine  bromide 
(Regonol,  Organon  Inc.,  West  Orange,  NJ),  paraoxon  (Sigma  Chemical  Co.,  St. 
Louis,  MO),  or  a  control  solution  of  distilled  deionized  water  containing  IX 
ethanol.  Distilled  deionized  water  was  used  In  diluting  all  toxicants  for 
dosing.  Antx-a(s)  was  produced  by  the  method  of  Mahmood  and  Carmichael  (5); 
stored  at  -20*C  prior  to  use;  and  brought  Into  solution  for  dosing  with 

ethanol  such  that  the  final  dosing  solution  contained  less  than  IX  ethanol. 
Antx-a(s)  produced  by  this  method  was  only  semipure.  Paraoxon,  stored  at  a 
concentration  of  less  than  10  mM  In  dry  acetone  at  -20*C  prior  to  use, 

contained  less  than  IX  acetone  in  the  final  dosing  solution.  The  control 
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solution  was  administered  at  a  volume/body  weight  equal  to  that  used  for 
antx-a<s),  which  was  the  maximum  volume  utilized  for  the  toxicants. 

To  evaluate  in  vivo  reversibility,  mice  were  injected  ip  with  a  control 
solution  or  predetermined  LD40  doses  of;  antx-aCs),  pyridostigmine  bromide, 
and  paraoxon.  Mice  were  killed  by  decapitation  at  0,  5,  15,  30,  60,  or  240 
minutes,  or  1,  2,  or  8  days  postdosing,  and  whole  blood  was  collected  in 
polypropylene  centrifuge  tubes  containing  20  pi  of  sodium  heparin.  Diaphragms 
of  mice  that  were  killed  or  died  were  excised,  blotted,  and  frozen  at  -80®C. 

Mice  were  observed  for  clinical  signs  at  0,  5,  10.  15,  30,  60,  120,  180, 
240,  480,  1,440  <1  day)  minutes  and  daily  thereafter  for  7  days.  Salivation, 
diarrhea,  and  lacrimation  were  scored  on  a  scale  of  1  to  4  (1  -  normal,  4  » 
severely  increased),  and  dyspnea,  tremors,  and  fasciculations  were  recorded  as 
present  or  absent.  The  duration  of  a  clinical  sign  of  toxicosis  was  recorded 
as  the  mean  of  the  times  of  the  final  observation  of  the  abnormality  and  the 
subsequent  observation.  Time  of  death  was  recorded  to  the  nearest  minute. 
Brain,  diaphragm,  spleen,  gastrointestinal  tract,  pancreas,  heart,  ciatic 
nerve,  liver,  lung,  and  kidney  tissue  were  fixed  in  lOX  neutral-buffered 
formalin,  sectioned  at  6  microns,  and  stained  with  hematoxylin  and  eosin  for 
histologic  examination. 

Tissue  was  ground  in  Broeck  Tissue  Grinders  (Fisher  Co.,  Itasca.  ID  with 
20  ml  of  of  pH  8  phosphate  buffer  containing  It  octyl  phenoxy 
polyethoxyethanol  (Triton  X-100,  Sigma  Chemical  Co.,  St.  Louis,  MO);  the 
product  centrifuged  at  347.6  relative  centrifugal  force  (RCF)  for  10  minutes; 
and  200  pi  of  the  supernatant  added  to  cuvettes  containing  2.5  ml  of  pH  8 
phosphate  buffer. 

Plasma  and  RBC  were  separated  from  whole  blood  by  centrifugation  at  547.4 
RCF  for  5  minutes  and  assayed  for  ChE  by  the  Ellman  method  (6).  Ten  pi  plasma 
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samples  were  diluted  to  10  ml  with  pH  8  phosphate  buffer  and  3  ml  aliquots 
added  to  curvettes  for  assay.  Fifty  pi  of  0.01  M  dithlobisnitrobenzolc  acid 
(DTNB)  and  20  pi  of  0.075  M  acetyl thiochol  Ine  Iodide  (ACTI)  were  added  to  the 
cuvettes  and  absorption  was  measured  for  4  minutes  at  412  nm  on  a  Perkin  Elmer 
Lambda  3  UV/VIS  Spectrophotometer  (Perkin  Elmer,  Norwalk,  CT).  Fifty  pi  of 
RBC  were  lysed  with  0.95  ml  of  5X  octyl  phenoxy  polyethoxyethanol  (Triton 
X-100,  Sigma  Chemical  Co.,  St.  Louis,  MO);  100  pi  of  the  lysate  was  diluted  to 
10  ml  with  pH  8  phosphate  buffer;  and  3  ml  was  analyzed  with  DTNB  and  ACTI  as 
above.  Diaphragm  tissue  was  homogenized  with  0.05  ml  of  pH  8  phosphate  buffer 
per  mg  of  tissue  In  a  Broeck  Tissue  Grinder  (Fisher  Co.,  Itasca,  ID;  the 
homogenate  was  centrifuged  at  67  RCF  for  10  minutes;  and  100  pi  of  supernatant 
was  added  to  2.5  iaI  of  pH  8  phosphate  buffer  for  analysis  with  DTNB  and  ACTI 
as  above. 

The  LD40  doses  of  toxicants  were  calculated  using  SAS  probIt  analysis  (SAS 
Institute,  Inc.,  Cary,  NO.  Comparisons  of  plasma,  RBC,  brain,  and  diaphragm 
ChE  activities  between  the  various  toxicant-treated  groups  and  control  group 

of  mice  were  performed  using  the  SAS  (SAS  Institute  Inc.,  Cary,  NO  General 

Linear  Model  combined  with  Tukey’s  Test.  A  level  of  a  -  0.05  was  used  to 
Identify  significant  effects. 

To  compare  the  overall  persistence  of  functional  abnormalities  caused  by 
the  various  toxicants,  the  clinical  sign  data,  examined  at  each  time  point, 

was  transformed  to  +  (at  least  1  abnormality  present)  or  -  (no  observed 

abnormalities)  before  analysis.  For  survival  data  and  duration  of  clinical 
signs,  comparisons  'mong  the  various  groups  were  performed  using  the  SAS 
Lifetest  method  and  Wllcoxon  Test. 
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RESULTS 

The  results  of  plasma,  RBC,  and  diaphragm  ChE  assays  in  control  and 
toxicant-dosed  (at  the  LD40)  mice  are  presented  in  Figure  1.  In  mice  that 
died  from  antx-a(s)  -toxicosis,  diaphragm  ChE  activity  wa^  significantly 
inhibited  compared  to  controls;  but  the  degree  of  inhibition  induced  by  a 
lethal  dose  of  antx-a<s)  was  less  than  in  mice  that  died  after  administration 
of  paraoxon  or  pyridostigmine  (Table  1).  At  the  LD40,  the  survival  time  of 
mice  injected  with  antx-a(s)  was  significantly  longer  than  with  mice  Injected 
with  pyridostigmine  or  paraoxon  (p  -  0.0001  and  0.0004,  respectively).  Mean 
survival  time  (first  24  hours)  for  antx-a(s),  paraoxon,  and  pyridostigmine 
were  93,  11,  and  15  minutes,  respectively.  In  this  study,  the  muscarinic 
effects  (lacrimation,  diarrhea,  and  salivation  caused  by  antx-a(s)  appeared  at 
least  as  severe  as  those  caused  by  paraoxon  and  pyridostigmine  (Figure  3). 
The  nicotinic  effects  (fasciculations  and  tremors)  of  antx-a(s)  appeared  less 
severe.  Results  of  the  comparisons  of  duration  of  clinical  signs  between  mice 
injected  ip  with  antx-a(s),  paraoxon,  and  pyridostigmine  are  presented  in 
Table  2.  In  general,  maximum  clinical  effects  in  mice  injected  with  antx-a(s) 
occurred  at  least  60  minutes  after  dosing,  which  was  later  than  observed  with 
other  toxicants.  Mice  that  died  from  antx-a(s)  toxicosis  became  dyspneic, 
cyanotic,  and  had  clonic,  rolling  seizures  at  death.  Dilated  small  and  large 
intestines  were  occasionally  observed  at  necropsy  in  mice  that  died  after 
injection  of  toxicants.  Histologic  examination  of  tissues  from  control  and 
toxicant-dosed  mice  did  not  reveal  any  lesions. 

DISCUSSION  - 

ChE  enzymes  in  various  sites  differ  in  structure  and  susceptibility  to 
different  Inhibitors.  Due  to  differences  in  chemical  structure,  various 
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Inhibitors  can  have  widely  different  Intrinsic  activities  on  Isolated 
enzymes.  Other  factors  such  as  tissue  (blood-brain,  membrane,  dermal,  etc.) 
barriers,  limit  the  access  of  Inhibitors  to  sites  of  action  to  varying 
degrees.  The  rate  and  extent  of  absorption,  metabolism,  distribution, 
susceptibility  of  various  enzymes  to  Inhibition  and  the  Intrinsic  activity  of 
the  Inhibitor  govern  both  the  toxicity  and  the  spectrum  of  toxic  effects.  It 
Is  necessary  to  determine  the  nature  of  toxin-induced  Inhibition  at  various 
sites  In  order  to  understand  the  physiologic  alterations  causing  significant 
dysfunction  and  death. 

Cyanosis,  dyspnea,  and  the  clonic  nature  of  seizures  In  mice  Injected  with 
antx-a<s)  were  consistent  with  ChE  inhibition  and  associated  acetylcholine 
stimulation  at  peripheral-muscarinic  and  nicotinic  cholinergic  receptors  that 
resulted  In  terminal  hypoxia  and  respiratory  failure. 

Mice  that  died  from  antx-a(s)  toxicosis  did  so  later  than  mice  dosed  with 
the  other  toxicants.  The  later  onset  of  death  In  mice  from  antx-a(s),  as 
compared  to  the  much  more  lipophilic  toxicant  paraoxon,  may  be  a  result  of  the 
comparatively  slow  absorption  or  distribution  of  this  polar  algal  toxin,  such 
that  It  could  not  reach  critical  sites  of  action  as  readily;  but  It  probably 
does  not  reflect  a  delay  needed  for  bioactivation  In  view  of  previous  studies 
Indicating  a  direct  effect  of  antx-a(s)  on  ChE  in  vitro  (3). 

In  these  studies,  effects  on  .nice  Injected  with  antx-a(s)  lasted  longer 
than  those  In  mice  given  the  long-acting  reversible  carbamate,  pyridostigmine, 
and  persisted  for  a  time  similar  to  those  Induced  by  the  irreversible  ChE 
Inhibitor,  paraoxon.  The  In  vivo  persistence  of  clinical  signs  with  antx-a<s) 
Is  consistent  with  the  Irreversible  Inhibition  of  ChE  activity  observed  in 
vitro.  Similarly,  antx-a(s)  Inhibited  ChE  In  plasma,  RBC,  and  diaphragm 
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tissue  for  a  longer  period  of  time  than  pyridostigmine  bromide,  with  a 
duration  of  action  similar  to  that  of  paraoxon.  The  red  blood  cell  ChE  enzyme 
appeared  the  most  susceptible  of  those  analyzed  to  persistent  in  vivo 
Inhibition  by  antx-a<s).  Despite  the  fact  that  paraoxon  behaves  as  an 
Irreversible  Inhibitor  of  ChE  in  vitro,  the  in  vivo,  mean  persistence  of 
Inhibition  of  erythrocyte  ChE  Induced  by  this  organjphosphorus  compound  was 
less  than  with  antx-a(s),  although  the  difference  was  not  statistically 
significant.  Similarly,  Mahmood  et  al .  (3)  found  that  in  vitro  antx-a<s) 
bound  to  red  blood  cell  ChE  more  tightly  than  another  organophosphorus  agent, 
d1 1 sopropylfluorophosphate  (DFP) . 

Animals  that  die  from  toxicosis  Induced  by  ChE  Inhibitors  may  succumb  to 
muscarinic,  nicotinic,  central  nervous  system,  or  combined  effects.  The 
prolongation  of  survival  In  antx-a<s)-dosed  mice  as  a  result  of  treatment  with 
atropine  <2)  suggested  that  nicotinic  effects  may  have  become  more  Important 
In  the  lethal  syndrome  when  the  muscarinic  receptors  were  blocked.  In  the 
present  study,  muscarinic  signs  were  more  severe  In  antx-a(s>-dosed  animals 
than  In  those  given  the  other  anticholinesterase  compounds,  while  Inhibition 
of  diaphragm  ChE  and  nicotinic  signs  were  less  severe.  Also,  diaphragm  ChE 
activities  were  similar  In  mice  that  survived  antx-a(s)  administration  (up  to 
1  day  postdosing)  and  those  that  died  after  being  given  the  toxin.  Thus,  the 
present  study  Indicates  that  the  peripheral  nicotinic  effect  due  to  ChE 
Inhibition  In  antx-a(3)  toxicosis  may  be  less  Important  than  the  associated 
muscarinic  effects  at  the  time  of  death,  as  compared  to  the  results  with 
either  pyridostigmine  or  paraoxon. 
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Table  1.  Comparison  of  diaphragm  cholinesterase  activities  of  control  mice 
and  mice  that  died  after  Ip  Injection  of  LD40  doses  of 
anatoxIn-aCs) ,  paraoxon,  and  pyridostigmine. 


Diaphragm 

Acetylcholinesterase  Activity* 

Toxicant 

(uM/a/Mln) 

Tukev's  GrouDina'*’ 

Control 

1.12+  0.28 

A 

Anatoxln-a(s) 

0.73  +  0.14 

B 

Pyridostigmine 

0.29  +  0.26 

C 

Paraoxon 

0.03  +  0.08 

C 

‘Values  are  expressed  as  mean  +  SO. 

♦Cholinesterase  means  with  the  same  letter  are  not  significantly  different 
<p  <  0.05). 


^ 
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Table  2.  Comparison  of  duration  of  clinical  signs  between  mice  Injected  Ip 
with  an  LD40  dose  of  anatox1n-a<s)  (A),  paraoxon  (P),  or 
pyridostigmine  (Y). 


A  vs  P 

A  vs  Y 

P  vs  Y 

Salivation 

0.0033  (A>* 

0.0001  (A) 

0.6990 

Diarrhea 

0.1854 

0.0005  (A) 

0.0003  (P) 

Lacrimatlon 

0.0093  (P) 

0.0001  (A) 

0.0001  (P) 

Respiratory  Difficulty 

0.0734 

0.0001  (A) 

0.0001  (P) 

Tremors 

0.0094  (P> 

0.3715 

0.0001  <P) 

Fasciculatlons 

0.0001  (P) 

0.0812 

0.0001  (P) 

All  Signs 

0.0295  (P) 

0.0001  (A) 

0.0001  (P) 

•Letters  In  parentheses 
of  the  clinical  sign. 

Indicate  the  toxicant 

that  caused  the 

greater  duration 

Cholinesterase  (jj-M/l/min) 
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Figure  lA.  Plasma  cholinesterase  activities  of  control  mice  (•)  and  mice 
given  an  LD40  dose  of  anatox1n-a<s)  <o),  paraoxon  (A),  or 
pyridostigmine  (A),  by  Ip  administration.  Letters  indicate 
results  of  Tukey's  tests  between  toxicants  at  individual  time 
points  with  different  letters  Indicating  significant  differences 
(p  <  0.05)  between  means  of  toxicants. 


Plasma  Pseudocholinesterase 


Section  XIV 


Cholinesterase  (|xM/l/min) 
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Figure  18.  Red  blood  cell  cholinesterase  activities  of  control  mice  (•)  and 
mice  give  an  LD40  dose  cf  anatoxln-a(s)  <o),  paraoxon  (a),  or 
pyridostigmine  (A),  by  ip  administration.  Letters  indicate 
results  of  Tukey's  tests  between  toxicants  at  individual  time 
points  with  different  letters  Indicating  significant  differences 
(p  <  0.05)  between  means  of  toxicants. 


Red  Blood  Cell  Acetylcholinesterase 


Section  XIV 


Cholinesterase  (jiM/g/min) 
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Figure  1C.  Diaphragm  cholinesterase  activities  of  control  mice  <•)  and  mice 
given  an  LD40  dose  of  anatoxln-a(s)  (o),  paraoxon  (A),  or 
pyridostigmine  (A),  by  Ip  administration.  Letters  indicate 
results  of  Tukey's  tests  between  toxicants  at  individual  time 
points  with  different  letters  Indicating  significant  differences 
(p  <  0.05)  between  means  of  toxicants. 

Diaphragm  Acetylcholinesterase 


Section  XIV 


Figure  2.  Means  (+  SD>  for  clinical  signs  (salivation,  diarrhea,  and 
lacrimation)  graded  1  to  4;  tremors  and  fasciculations  graded  1  to 
2  (absent  or  present)  of  mice  given  an  LD40  dose  of  anatoxin-a(s) , 


paraoxon,  or  pyridostigmine  by  ip  administration. 


:!20 


Section  XIV 
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XV.  NEUR08EHAVI0RAL  EFFECTS  OF  NICOTINE,  ATROPINE, 
PARAOXON,  AND  PHYSOSTIGHINE  ON  LONG-EVANS  RATS 
W.  0.  Cook,  J.  A.  Dellinger,  S.  S.  Singh 


INTRODUCTION 

Calibration  of  neurobehavloral  equipment  was  performed  this  year.  In  this 
calibration,  24  Long-Evans  Sprague-Oawley  rats  were  tested  for  behavioral 
effects  resulting  from  Intraperl toneal  (Ip)  Injections  of  atropine  sulfate, 
nicotine,  paraoxon,  or  physostigmine  salicylate.  Neurobehavior  was  assessed 
using  figure  8  maze  activity  (F8)  (Photobeam  Activity  System.  San  Diego 
Instrument,  San  Diego,  CA)  (counts/5  min),  accelerating  rotarod  performance 
(AR)  (Omni  Rotor  RR.  Omnitech  Electronics.  Inc.,  Columbus.  OH)  (sec  on  rod), 
grip  strength  (GS)  (kg),  and  startle  response  (SR)  (San  Diego  Instruments,  San 
Diego,  CA)  (amplitude  voltages  and  latency  In  msec). 

MATERIALS  AND  METHODS 

In  the  first  experiment  to  determine  the  dose  response  relationships  from 
Ip  Injections  of  atropine  sulfate  (Med-Tech,  Inc.,  Elwood,  KS),  nicotine  free 
base  (Sigma  Chemical,  St.,  Louis,  MO),  and  physostigmine  salicylate  (Forest 
Pharmaceutical,  St.  Louis,  MO)  on  F8,  AR,  GS,  and  SR,  48  male,  400  to  600  g, 
Sprague-Oawley  Long  Evans  rats  were  housed  on  a  12/12  hour  light/dark  cycle 
and  provided  food  (Lab-Blox,  Wayne  Research  Animal  Diet,  Bemis  Co.,  Peoria, 
ID  and  water  1 Ibitum.  Forty-eight  rats  were  randomly  divided  into  2 
groups.  Group  1  was  used  for  Figure  8  Maze.  Group  2  was  trained  to  run  on 
the  AR  and  then  used  for  GS,  AR,  and  SR  testing.  The  rats  were  used  In  a  4  x 
4  Latin  square  design  with  4  animals  each  being  given  1  of  3  treatment  levels 
of  1  drug  or  the  vehicle  (control).  The  Latin  square  for  each  drug  was  then 
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repeated  after  a  period  of  3  weeks  with  each  animal  receiving  a  different  drug 
than  In  the  first  4x4  session.  The  results  were  then  averaged  over  the  8 
rats  that  received  each  drug.  One  week  was  allowed  between  Injections  and  1 
month  between  drugs.  The  treatment  levels  were:  0,  25,  50,  and  100  mg  of 
atropine  sulfate;  0,  75,  150,  and  300  pg  of  nicotine;  and  0,  75,  150,  and  300 

pg  of  physostigmine  salicylate  per  kg  of  body  weight.  Sterile  0.91  saline  was 

used  In  diluting  all  toxicants  for  dosing.  Atropine  sulfate  was  administered 
10  to  15  minutes  prior  to  testing,  physostigmine  5  to  10  minutes  prior  to 
testing,  and  nicotine  0  to  5  minutes  prior  to  testing.  SR,  AR,  and  GS  were 
tested  twice  over  a  2-hour  period,  at  5  and  60,  10  and  65,  and  25  and  80 
minutes,  repectively,  after  dosing  and  F8  activity  was  recorded  for  1  hour 
postinjection  for  the  other  24  rats. 

Whole  body  startle  was  evaluated  In  terms  of  maximum  amplitude  (Vm), 
average  amplitude  <Vx),  and  response  time  (Rt).  The  animals  were  placed  In 
the  startle  chambers  and  allowed  to  acclimate  to  the  chambers  and  background 
noise  for  a  period  of  5  minutes  before  the  start  of  the  tesc.  Then  6  of  each 
type  of  stimulus  were  presented  to  each  rat  In  a  semi-random  order  with 
variable  Interstimulus  Interval  <ISI)  (between  5  to  10  seconds).  The  first 
trial  for  each  stimulus  type  was  disregarded.  Four  types  of  startle  responses 
were  evaluated:  (1)  acoustic  startle  response,  the  rats  were  subjected  to  a 
noise  of  120  dB  for  a  period  of  20  msec;  (2)  tactile  startle  response,  the 
rats  were  subjected  to  a  puff  of  air  (15  ps1>  for  20  msec;  (3)  prepulse 

Inhibition  1,  the  rats  were  subjected  to  a  brief  low  Intensity  acoustic 

stimuli  (prepulse)  of  100  dB  for  5  msec  shortly  before  (95  msec)  a  tactile 
stimulus  for  20  msec;  and  (4)  prepulse  Inhibition  2,  similar  to  prepulse 
Inhibition  1  with  the  exception  that  the  ISI  was  decreased  to  5  msec. 
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In  a  second  experiment  to  determine  the  dose  response  relationship  of 
paraoxon  on  F8,  AR,  GS.  and  SR.  24  male.  400  to  600  g.  Sprague-Oawley 
Long-Evans  rats  were  housed  on  a  12/12  hour  llght/dark  cycle  and  provided  food 
(Lab-Blox.  Wayne  Research  Animal  Diet,  Bemis  Co.,  Peoria,  ID  and  water  ^ 
libitum.  Rats  were  dosed  Ip  with  either  200  or  400  jig  of  paraoxon  (Sigma 

Chemical  Co.,  St.  Louis,  MO) /kg  body  weight  (BW>,  or  a  control  solution  with  8 
animals  per  treatment  group.  Sterile  saline  <0.9X)  was  used  In  diluting 
paraoxon  for  dosing.  Paraoxon  was  stored  at  a  concentration  of  less  than 
10  mM  In  dry  acetone  at  -20“C  prior  to  use,  and  contained  11  or  less  acetone 
In  the  final  dosing  solution.  Four  rats  were  dosed  each  day  at  11:00  am  with 
each  treatment  represented  at  least  once.  Rats  were  pretested  for  AR 

performance,  ranked  by  performance,  and  randomly  assigned  to  1  of  the  3 

treatment  groups  In  a  counter  balance  design.  At  15  minutes  postdosing,  rats 
were  placed  In  the  F8  system  and  monitored  for  60  minutes.  Forelimb  GS  was 
measured  on  each  rat  postdosing  at  80  minutes.  AR  performance  for  every  rat 
was  determined  at  85  minutes  postdosing.  The  AR  challenge  consisted  of 
accelerating  the  rod  to  a  speed  of  80  revolutions  per  minute  over  8  seconds 
and  recording  the  length  of  time  rats  ran  on  the  rod  to  the  nearest  0.1 

second.  Startle  response  evaluation  was  performed  for  20  minutes  at  100 

minutes  postdosing. 

At  120  minutes  postdosing,  under  carbon  dioxide  gas  anesthesia,  the 

peritoneal  cavity  of  each  rat  was  surgically  opened,  3  ml  of  blood  was 

collected  In  a  heparinized  syringe  from  the  caudal  vena  cava,  and  the  rat 
killed  by  exsangulnatlon.  Each  sample  was  centrifuged  at  600  x  g  for  10 

minutes,  then  plasma  and  erythrocytes  (RBC)  were  separated  for  modified  Ellman 
cholinesterase  (ChE)  assays  (1).  Brain  aChE  assays  were  performed  by  the 
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modified  Ellman  method  with  further  modifications  by  Harlln  and  Ness  <2).  The 
RBC  were  resuspended  In  an  equal  volume  of  cold  0.9%  Isotonic  sodium  chloride 
and  centrifuged  at  600  x  g  for  10  minutes.  The  supernatant  was  discarded  and 
the  wash  repeated  twice.  To  lyse  fresh  RBC,  0.1  ml  of  washed  RBC  were  diluted 
In  1.9  ml  of  5%  octyl  phenoxy  polyethoxyethanol  (Triton  X-100,  Sigma  Chemical 
Co.,  St.  Louis,  MO)  solution  and  a  0.1  ml  aliquot  of  the  lysed  solution  was 
diluted  to  10  ml  with  0.1  M  phosphate  buffer  (pH  8.0).  For  plasma  ChE,  a  10 
pi  sample  was  diluted  to  10  ml  with  0.1  M  phospha.te  buffer  (pH  8.0).  The  ChE 
assay  used  3.0  ml  of  the  phosphate  buffer  sample  and  50  pi  of  0.01  M 
d1th1ob1sn1troben2o1c  acid  to  which  20  pi  of  the  substrate,  0.075  M 
acetyl thlochoHne  Iodide  was  added. 

Each  rat  brain  was  hand  macerated  and  0.5  g  homogenized  (Blohomogenizer 
Model  M  133/1281-0,  Blospec  Products,  Inc.,  Bartlesville,  OK)  In  25  ml  of  IX 
Triton  X.  Two  hundred  pi  of  the  homogenate  was  added  to  cuvettes  containing 
2.5  ml  of  pH  8  phosphate  buffer  containing  IX  Triton  X  and  analyzed  for  ChE 
activity  as  above.  Absorbance  on  a  Shimadzu  160  UV/VIS  Spectrophotometer  was 
read  at  412  nm  for  6  minutes  and  the  results  recorded  as  pM/g/mln  for  brain 
ChE  activity.  For  RBC  and  plasma  ChE  activity,  results  were  recorded  as 
pM/L/mln.  On  every  fourth  sample  a  duplicate  was  run.  Control  samples  were 
used  as  references  for  calculating  the  percentage  cf  ChE  Inhibition  in  groups 
of  treated  rats. 

STATISTICAL  ANALYSIS 

In  the  2  experiments,  comparisons  of  SR,  F8,  GS,  AR,  and  ChE  activity 
between  groups  of  toxicant- treated  rats  and  the  control  group  were  performed 
using  the  SAS  (SAS  Institute,  Cary,  NO  General  Linear  Model  (GLM)  with  Tukey's 
Test  at  a  ■  0.05  to  determine  significant  differences.  General  linear  models 
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were  designed  to  Include,  where  appropriate,  animal,  weight,  treatment,  trial 
type,  and  time. 

RESULTS 

AR  performance  was  decreased  by  atropine,  physostigmine.  and  nicotine  with 
a  recovery  after  1  hour  (Figure  1).  GS  was  decreased  by  nicotine  and  atropine 
with  a  recovery  after  1  hour  (Figure  1). 

Atropine  reduced  all  SR  response  maximum  amplitudes  for  all  doses  (Figure 
2)".'' '  The  l'50")ttgi' dose  of '  nicotine  Increased  the  prepuTse  1  and  tactile  SR 
amplitudes.  Similar  to  nicotine,  the  150  pg  dose  of  physostigmine  Increased 
the  tactile  SR  amplitude.  Similar  to  atropine  and  nicotine,  the  300  vg  dose 
of  physostigmine  reduced  the  audio  SR  amplitude. 

Atropine  reduced  all  average  audio,  prepulse  1,  and  tactile  SR 
amplitudes.  The  150  pg  dose  of  nicotine  Increased  the  average  audio,  prepulse 
1,  and  tactile  SR  amplitudes  (Figure  3).  The  150  pg  dose  of  physostigmine 
Increased  the  average  prepulse  1  and  tactile  SR  amplitudes  similar  to 
nicotine.  The  300  pg  dose  of  physostigmine  decreased  the  average  audio  SR 
amplitude  similar  to  atropine. 

Atropine  reduced  both  audio  and  tactile  response  time  (RT)  (Figure  4). 
Nicotine  did  not  affect  audio  RT  but  Increased  tactile  RT.  Physostigmine 
resulted  In  decreased  audio  RT  (similar  to  atropine)  and  Increased  tactile  RT 
(siml lar  to  nicotine) . 

The  150  pg  dose  of  nicotine  and  the  50  pg  dose  of  atropine  increased  F8 
activity  (Figure  5).  All  doses  of  physostigmine  decreased  F8  activity. 

ChE  results  of  paraoxon-treated  and  control  rats  are  presented  In  Figure 
6.  Brain  ChE  was  Inhibited  571  and  19X  with  400  pg/kg  and  200  pg/kg  paraoxon, 
respectively.  No  significant  differences  were  detected  In  GS  or  AR 
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performance  between  the  2  paraoxon-dosed  and  control  groups  of  rats  (Figure 
6).  Audio  and  tactile  SR  amplitudes  were  Increased  with  200  pg/kg  of  paraoxon 
and  decreased  with  400  pg/kg  of  paraoxon  with  a  statistical  difference  <p  < 
0.05)  detected  between  the  doses  of  paraoxon,  but  not  between  the  paraoxon 
doses  and  the  control.  Initial  F8  exploratory  activity  and  activity  during 
the  remainder  of  the  60  minute  F8  session  were  decreased  In  paraoxon  treated 
rats  In  a  dose-related  fashion  (Figure  6). 

DIS(1ISSI0N 

With  atropine,  nicotine,  and  physostigmine.  the  neurobehavloral  screen 
detected  decrements  In  dosed  animals  that  were  reversible  In  nature. 
Physostigmine  and  nicotine  caused  decrements  in  exploratory  activity  in  the 
Figure  8  Maze  that  were  indicative  of  centrally  acting  toxicants.  This 
finding  may  be  attributable  to  the  fact  that  both  have  direct  and/or  indirect 
effects  at  nicotinic  sites.  Overall,  paraoxon  affected  the  sensory  and 
exploratory  behavior  paradigms,  but  did  not  affect  neuromuscular  or  balancing 
performance  at  these  treatment  levels. 

To  enable  future  assessment  of  learning  and  memory  associated  with  visual 
and  tactile  stimuli  after  exposure  to  neurotoxins,  the  neurobehavloral  startle 
equipment  has  been  equipped  with  potentiated  startle.  Toxicants  with  known 
central  and/or  peripheral  sites  of  action  and  known  effects  on  the  nervous 
system  can  be  used  In  evaluating  neurobehavloral  decrements  and  mechanisms  of 
action  of  algal  neurotoxir.s.  Subsequent  studies  will  help  to  Identify  the 

nature  of  threshold  effects  and  define  the  relationship  between  doses  that 

« 

cause  clinical  signs  and  those  that  cause  neurobehavloral  decrements  th^t  may 
not  be  detectable  by  simple  observation. 
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The  blue-green  algae  neurotoxin  anatox1n-a<s)  will  be  tested  to  ascertain 
If  neurobehavloral  decrements  are  produced  that  are  similar  to  those  observed 
with  paraoxon.  In  addition,  studies  will  be  conducted  to  cha-acterize  central 
versus  peripheral  and  rapidly  versus  slowly  reversible  effects  on 
neurobehavloral  criteria. 
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FIGURE  LEGENDS 

Figure  1.  Accelerod  and  hindlimb  grip  strength  following  nicotine,  atropine, 
and  physostigmine.  <*  -  significant  dose  effects.  ^^(3,14), 
p  <  .05;  NS  -  not  significant  dose  effects.)  The  numbers  In 
parenthesis,  that  Is  3  and  14,  stand  for  the  degrees  of  freedom 
for  the  dose  and  the  error  term  used  to  calculate  the  F  value  In 
the  statistical  model . 

Figure  2.  Maximum  startle  response  amplitude  following  nicotine,  atropine, 

and  physostigmine.  <*  ■  significant  dose  effect.  ^^(3,142),  p  < 
.05;  NS  -  not  significant  dose  effects.) 

Figure  3.  Average  startle  amplitude  following  nicotine,  atropine,  and 

physostigmine.  <*  -  significant  dose  effects.  ^^(3,142), 

p  <  .05;  NS  -  not  significant  dose  effects.) 

Figure  4.  Startle  response  time  (RT)  following  nicotine,  atropine,  and 

physostigmine.  <*  «  significant  dose  effects.  ^^(3,142), 

p  <  .05;  NS  »  not  significant  dose  effects.) 

Figure  5.  Figure  8  Maze  activity  following  nicotine,  atropine,  and 

physostigmine.  <*  -  significant  dose  effects.  ^'*(3,308), 

p  <  .05;  NS  -  not  significant  dose  effects.) 

Figure  6.  Plasma,  red  blood  cells  (RBC),  and  brain  cholinesterase 

activities,  grip  strength,  accelerating  rotarod  performance,  and 
figure  8  activity  In  Long-Evans  rats  dosed  Ip  with  a  control 
solution,  or  200  or  400  v^g  of  paraoxon/kg  body  weight  and  killed 
at  24  hours  postdosing. 
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XVI.  ANATOXIN-A(S)  PURIFICATION  AND  INHIBITION  OF  ELECTRIC  EEL 
AND  HUMAN  ERYTHROCYTE  ACETYLCHOLINESTERASE 
N.  A.  Mahmood  and  W.  Carmichael 


INTRODUCTION 

The  major  effort  spent  since  the  last  annual  report  Involved  the 
production  of  purified  and  seml-purlfled  antx-a(s)  for  structural 
elucidation.  The  remaining  portion  of  the  time  was  spent  on  developing  newer 
extraction  techniques,  modifying  current  purification  procedures,  and 
analy2lng  the  kinetics  of  acetylcholinesterase  Inhibition.  The  development  of 
a  workable  procedure  Is  critical  not  only  for  ease  of  operation,  but  also  for 
the  production  of  antx-a(s)  with  a  higher  degree  of  purity.  The  previous 
method  (see  first  annual  report)  was  found  to  be  time-consuming  and  did  not 
result  In  adequate  purification.  Since  then  several  extraction  procedures 
have  been  assessed  and  these  will  be  discussed  together  with  the  modified 
purification  procedure. 

In  addition  to  toxin  purification,  the  kinetics  of  Inhibition  of 

acetylcholinesterase  from  different  sources  was  analyzed.  The  kinetic 
constants  obtained  were  compared  with  the  known  Irreversible 

anticholinesterase  agent,  d1 Isopropyl-fluorophosphate  (DFP). 

PURIFICATION 

Experiment 

Before  extraction,  all  lyophlllzed  cells  were  tested  for  toxicity  and 
found  to  have  an  LD50  of  50  mg/kg  or  less  (Ip  mouse). 

A.  Extraction  Procedures: 

Ethanol  acidified  with  concentrated  acetic  acid  (pH  4)  was  used  for 

extraction  In  replacement  of  acidified  water.  The  main  advantage  of  using 
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acidified  ethanol  over  water  Is  that  the  extract  Is  devoid  of  thick 
purplish  pigments.  Even  though  acidified  ethanol  extracted  antx-a(s> 
efficiently  from  the  lyophlllzed  cells.  It  Is  not  the  solvent  of  choice 
for  extracting  large  quantities  of  lyophlllzed  cells  (>  20  g).  Since  the 
main  objective  Is  to  obtain  milligram  quantities  of  antx-a(s)  from  these 
cells,  additional  extraction  solvents  and  purification  procedures  were 
tried.  These  Included  trlfluoroacetlc  acid  as  an  alternate  extracting 
solvent  and  Ion-exchangers  for  the  preliminary  purification  step. 

Trlfluoroacetlc  acid  (TFA)  at  2  different  concentrations,  0.057.  and 
l.OX  were  used  to  extract  20  g  of  lyophlllzed  cells  of  Anabaena 
flos-aquae.  Ten  g  of  cells  were  stirred  In  each  solvent  (500  ml)  for  24 
hours;  the  extracts  were  then  centrifuged  at  10,000  rpm  for  1.5  hours  at 
4*C.  The  supernatant  was  air  dried.  These  fractions  were  not  subjected 
to  solid  phase  extraction  on  C  18  disposable  columns  as  performed  In  the 
previous  procedure.  This  was  done  to  Improve  toxin  recovery  by 
eliminating  an  extra  step  In  the  purification  method.  Another  deviation 
from  the  previous  procedure  was  to  use  a  strong  cationic  exchanger  resin 
(Dowex  AG  50  W-X8)  Instead  of  gel  filtration  (Sephadex  G-15)  as  the  first 
purification  step. 

For  comparison,  two  10  g  batches  of  lyophlllzed  cells  were  extracted 
using  acidified  ethanol.  The  extract  was  stirred  for  24  hours, 
centrifuged  at  10,000  rpm  for  1.5  hours  at  4*C,  and  air  dried.  These 
fractions  were  loaded  on  a  disposable  solid  phase  C  18  extraction  column. 
These  columns  were  prepared  as  described  previously  (see  first  annual 
report).  Gel  filtration  was  not  used.  Instead  the  fractions  were  divided 
equally  and  purified  on  2  different  Ion  exchangers,  Amberllte  IRP  64,  and 
the  benzene  sulfonic  acid  (SCX). 
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B.  Chromatographic  Separations: 

The  3  cationic  exchangers  used  were: 

1.  Strong  cation  exchanger  Dowex  AG  50  W-X8. 

2.  Weak  cationic  exchanger  Amberllte  IRP  64. 

3.  Strong  cationic  exchanger  benzene  sulfonic  acid  (SCX). 

The  Dowex  AG  50  resin  (hydrogen  form)  was  first  washed  with  500  ml  of 
1  N  hydrochloric  acid  and  then  loaded  on  a  Pharmacia  column  (Bioprocess. 
40  *  113  mm).  The  column  was  then  rinsed  with  another  250  ml  .  of  1  N 
hydrochloric  acid  and  allowed  to  equilibrate  overnight.  The  sample  to  be 
loaded  on  this  column  came  from  the  TFA  extractions  which  were  loaded  In  a 
volume  of  approximately  50  ml.  The  column  was  first  washed  with  500  ml  of 
0.5  N  ammonium  hydroxide  and  the  toxin  was  eluted  with  500  ml  of  1  N 
ammonium  hydroxide.  In  order  to  stabilize  the  toxin,  an  equal  volume  of 
1  N  acetic  acid  was  added  to  the  eluant.  The  eluant  was  air  dried  and  the 
toxicity  determined  using  mouse  bioassay. 

The  preparation  of  Amberllte  IRP  64  was  as  follows:  first  the  gel 
(10  g,  hydrogen  form)  was  rinsed  with  0.5  N  NaOH  and  decanted.  This 
procedure  was  repeated  several  times.  Then  the  gel  was  rinsed  with  0.5  N 
HC1  several  times.  Twenty  ml  of  the  gel  was  poured  Into  a  column  (1.5  * 
18  cm)  and  equilibrated  with  150  ml  of  0.5  N  HC1 .  The  sample  loaded  on 
the  column  was  from  the  acidified  ethanol  extraction.  After  loading  the 
sample,  the  column  was  first  rinsed  with  20  ml  water  followed  by  a  linear 
gradient  elution  (0  to  0.3  M  acetic  acid).  Seven  ml  fractions  were 
collected  using  a  fraction  collector  (Gilson  201).  The  toxic  fractions 
were  determined  using  mouse  bioassay. 

The  last  cationic  exchanger  that  was  tested  was  a  prepacked  solid 
phase  benzene  sulfonic  acid  extraction  column  (3  ml).  The  column  was 


/ 
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first  rinsed  with  5  ml  of  acetonitrile  followed  with  15  ml  of  1  M  acetic 
acid.  The  sample  from  the  acidified  ethanol  extraction  was  loaded,  rinsed 
with  10  ml  of  water  followpd  with  10  ml  of  1  N  NaOH.  The  eluant  was 
collected  directly  In  15  ml  of  1  M  acetic  acid  solution.  The  eluant  was 
air  dried  and  the  toxicity  checked  using  mouse  bioassay. 

C.  Analytical  HPLC  of  Antx-a(s): 

Once  the  toxicity  of  the  above  fractions  had  been  determined,  these 
fractions  were  separated  on  the  HPLC  using  semi-preparative  and/or 

analytical  columns  <cyanopropyl  1  *  250  mm  and  4.6  *  150  mm).  This  time 

the  elution  was  carried  out  Isocrdtlcal 1y  (10  mM  ammonium  acetate/1  mM 
acetic  acid  [80/20],  1.5  ml/mln)  and  the  toxin  detected  at  230  nm.  The 
peaks  collected  were  checked  for  toxicity  using  mouse  bioassay.  The 
pooled  toxic  peak  was  rerun  on  a  second  analytical  cyanopropyl  column. 

Ultraviolet  wavelength  scan  was  done  on  the  Isolated  peak  using  a 
Cray  219  spectrophotometer.  The  estimated  LD50  <ip  mouse)  was  also 
determined  for  1  of  the  Isolated  single  peaks. 

RESULTS  AND  DISCUSSION 

A  comparison  of  the  activities  of  the  primary  extracts  from  TFA  and 
acidified  ethanol  (determined  by  mouse  bioassay)  Indicated  that  the  TFA 

extracts  exhibited  50X  less  activity  than  the  acidified  ethanol  extracts.  The 
only  advantage  observed  with  the  TFA  extracts  was  the  reduction  in  the 

extracted  pigments  compared  to  the  acidified  ethanol  extracts. 

The  purifications  on  Dowex  50  and  SCX  resulted  In  higher  salt  content  In 
the  final  samples.  Since  the  next  step  In  the  purification  Involves  HPLC, 
these  samples  were  found  to  be  unsuitable  for  further  purification.  It  was 
also  observed  that  the  activities  of  these  samples  were  less  than  the  original 
samples  before  the  Ion  exchange  chromatography  step. 
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On  Amberllte  IRP  64,  antx-a(s)  was  eluted  from  the  column  when  the  acetic 
acid  concentration  approached  0.3  M.  The  toxin  was  completely  eluted  before 
the  gradient  reached  0.5  M  acetic  acid.  The  pooled  fractions  when  purified 
further  by  analytical  HPLC  gave  a  clean  separation  (Figure  1).  On  the  second 
run  the  collected  toxic  peak  was  found  to  be  801  pure  (Figure  2).  The  single 
peak  HPLC  profile  (Figure  3)  of  antx-a(s)  Indicates  that  repeated  runs  are 
necessary  In  order  to  achieve  a  pure  toxin.  It  was  also  observed  that  the 
toxin  retention  time  varies  not  only  between  different  types  of  columns  but 
also  with  the  same  column  after  repeated  runs.  This  variation  is  more 
pronounced  as  the  column  ages. 

To  summarize,  the  modified  procedure  for  antx-a(s)  extraction  and 

purification  (Figure  4)  differs  from  the  original  procedure  slightly, . Instead 

of  gel  filtration.  Ion-exchange  chromatography  was  used  In  the  separation  step 
of  the  modified  procedure.  This  procedure  provides  cleaner  (itss  pigments) 
samples  for  HPLC  runs.  It  was  observed  that  It  took  2  weeks  to  process  10  g 
of  lyophillzed  cells  and  the  average  yield  Is  0.1  mg/10  g  lyophilized  cells. 

Tie  LD50  of  the  Isolated  toxin  was  determined  In  mice  Intraperl toneally 
was  found  to  be  around  31  pg/kg  (Table  1).  An  Interesting  observation  was 
that,  at  doses  of  25,  27.5,  and  30  pg/kg  which  resulted  In  only  muscarinic 
effects  as  clinical  symptoms,  all  of  these  mice  survived.  At  higher  doses  of 
32.5  to  200  pg/kg,  nicotinic  signs.  Including  fasculatlons  and  respiratory 
distress,  were  observed  and  these  animals  died.  This  Is  In  agreement  with  the 
studies  reported  previously  (1)  that  atropine  sulfate  (muscarinic  antagonist) 
did  not  prevent  deaths  In  mice  acutely  dosed  with  antx-a(s).  It  appears  that 
both  muscarinic  and  nicotinic  effects  are  present  In  leti.ally  doses  animals. 
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CHOLINESTERASE  INHIBITION 

Experiment 

A.  Secondary  Plots 

Antx-a(s>  Inhibition  of  electric  eel  and  human  erythrocyte 
acetylcholinesterase  (EC  3. 1.1. 7)  has  been  reported  In  the  last  annual. 
The  "primary  plots"  showed  first-order  Inhibition  Indicating  an 
Irreversible  effect.  Further  analysis  of  the  Inhibitions  was  carried  out 
using  "secondary  plots"  to  compare  the  equilibrium  phosphorylation 

<k2>.  and  Inhibition  constants  (kp. 

The  "secondary  plots"  were  derived  from  the  "primary  plots."  The 
slopes  (reciprocal  values)  of  the  Inhibited  enzyme  at  different  antx-a(s) 
concentrations  obtained  from  "primary  clots"  were  plotted  against 
antx-a(s)  concentrations  (reciprocal  values).  The  y-1ntercept  gave  l/k2 
and  x-intercept  gave  1/K(j.  A  typical  "secondary  plot"  for  the  Inhibition 
of  eel  acetylcholinesterase  Is  shown  In  Figure  6. 

B.  Kinetic  Studies 

All  assays  were  carried  out  at  room  temperature,  utilizing  the  method 
of  Ellman  et  a1 .  (2).  The  enzyme  activity  was  measured  using  an  LKB 
spectrophotometer  (Ultraspec  4050).  The  assay  medium  for  the  enzyme 
activity  contained  pH  8  KH2PO4  buffer  (3  ml),  d1 thiobl sni trobenzol c  acid 
(0.1  ml),  50  pi  of  enzyme  (0.25  U) ,  20  pi  of  0.075  M  acetyl thiochol 1 ne  and 
antx-a(s)  at  various  concentrations  (0.2  to  2  pK.  The  activity  was 
determined  by  measuring  the  Increase  In  absorbance  at  412  nm  at  10  s 
intervals  for  1  minute.  In  the  Inhibition  studies,  the  substrate  was 
added  to  the  assay  medium  containing  enzyme,  antx-a(s)  or  dilsopropyl- 
f 1 uorophosphate  (DFP),  and  d1  thiobl sni trobenzol c  acid  after  a  given  time 
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of  Inhibition.  Concentrations  of  OFP  In  the  range  of  0.32  X  10“^  to  0.32 
X  10"5  H  were  used. 

The  kinetic  analysis  of  the  Inhibition  was  done  based  on  the 
Inhibition  scheme: 

ki  k2 

E  >  I.X  ^  E.I.X  - -  E.I  ♦  X 

k_i 

The  Inhibition  is  characterized  by  the  dissociation  constant 
<k.i/ki)  and  phosphorylation  constant  (k2).  Further  kinetic  analysis  was 
carried  out  using  the  equation  of  Main  and  Iverson  (3): 

»  -k 

where  tl]  is  the  inhibitor  concentration  and  p  Is  the  first  order  rate 
constant  at  constant  CIl. 

RESULTS  AND  DISCUSSION 

The  mechanism  of  the  Inhibition  of  acetykhol inestet ase  was  found  to  be 
similar  to  known  irreversible  organophosphorus  antkhol Inesterase  agents  (4). 
The  Inhibition  Is  characterized  by  the  Initial  formation  of  reversible 
Michael  is  complex  followed  by  an  Irreversible  complex.  Hhether 
phosphorylation  or  some  other  process  Is  responsible  for  the  irreversible 
character  of  antx-aCsl-induced  Inhibition  Is  presently  unknown. 

The  results  show  that  antx-a(s)  has  a  higher  affinity  for  human 
erythrocyte  acetylcholinesterase  -  0.253  pM)  than  electric  eei  (k(j  -  3.67 
viM)  (Table  2).  Also,  the  affinity  of  antx-a(s)  for  electric  eel 
acetylcholinesterase  Is  greater  than  that  of  DFP  (K,j  ■  300  pM). 

The  overall  rate  of  reaction  measured  by  k|  (k2/K(j)  Indicates  that  human 
erythrocyte  acetylcholinesterase  (k^  •  84  viM  min)  Is  more  sensitive  to 
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Inhibition  by  antx-a(s)  than  electric  eel  acetylcholinesterase  ■  1.36  jiM 
min).  Also,  eel  acetylcholinesterase  Is  less  sensitive  to  Inhibition  by  DFP 
<k^  -  0.033  liM  min)  than  to  Inhibition  by  antx-a(s). 

The  kinetic  studies  suggest  that  the  affinity  and  "phosphorylation  rates" 
vary  between  eel  and  human  erythrocytes.  It  Is  not  known  whether  the 
membrahe-bound  character  of  acetyl chol Ihesterase  of  erythrocytes  might  have 
contributed  to  the  differences.  The  greater  potency  of  antx-a<s)  compared  to 
DFP  might  be  due  to  antx-a<s)  binding  at  nwre  than  the  esteratic  site  of  the 
enzyme. 

TOXIN  PRODUCTION 

A  total  of  210  g  of  A.  flos-aquae  NRC-525-17  cells  were  extracted  since 
the  last  annual  report.  The  majority  of  these  cells  were  low  In  toxicity, 
with  an  average  LD50  <1p  mouse)  of  100  mg/kg.  All  of  the  toxin,  either  In  the 
purified  or  seml-purlfled  *orm,  was  used  for  structural  studies. 


I 
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Table  1.  LD50  determination  of  HPLC  purified  antx-a(s)  In  mice. 


Dose  uq/kq  (Ip) 

Number 

Treated 

Number 

Deaths 

Presence  of 

Chollnerqlc*  Symptoms: 
Muscarinic^  Nicotinic^ 

Survival 
Time  (min.) 
(mean  ±  SEM) 

12.5 

6 

none** 

- 

- 

25.0 

6 

none** 

+ 

- 

27.5 

6 

none** 

+ 

- 

30.0 

6 

none** 

+ 

- 

32.5 

6 

5 

+ 

+ 

44.8  +  14.0 

40.0 

6 

6 

+ 

40.0  +  6.0 

50.0 

6 

6 

.  + 

+ 

27.2  i  8.7 

100.0 

6 

6 

+ 

+ 

8.0+  1.7 

200.0 

6 

6 

+ 

+ 

6.5  +  1.1 

*It  was  observed  that  the  muscarinic  effects  disappeared  In  the  survived 
mice.  It  Is  nostulated  that  muscarinic  effects  alone  were  Insufficient  to 
kill  the  mica. 

“All  survived  >  24  hours. 

^Salivation,  lacrimatlon,  diarrhea. 

•^Fasclculatlon,  respiratory  distress. 
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Table  2.  Affinity  equilibrium  <K(j),  "phosphorylation  rate"  (k2>,  and  blomo- 
lecular  rate  (kp  constants  for  the  Inhibition  of  aChE  by  antx-a(s> 
and  DFP. 


_ aOiE _ 

_ Electric  Eel _  Human  Erythrocytes _ 

Kdx+  k2*  kf  kd*+  k2*  k^ 

Toxin _ (uM)  (m1n~')  (uM~'  m1n~b  (uM)  (m1n~b  (uM~^  m1n~h 

Antx-a(s)  3.67  5  1.36  0.25  21.40  84 

DFP  300  10  0.03 


and  k2  were  determined  from  the  "secondary  plots."  Is  the  reciprocal 
of  the  abscissa  Intercept  and  k2  Is  the  reciprocal  of  the  ordinate  Intercept. 

■••The  proposed  M.W.  of  267  for  antx-a(s)  was  used  to  calculate  Kj. 


VRB:nb/37 

12/12/88 
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Figures  1-3.  Typical  analytical  HPLC  profiles  of  antx-a(s).  Sample  from 
ion-exchange  chromatography  (Amberlite  IRP  64)  gave  a  toxic  peak 
at  approximately  10  minutes  (Figure  1).  Tne  pooled  toxic  peak 
was  rerun  (Figure  2)  and  showed  purity  of  approximately  SOX.  The 
column  used  was  an  Altech  cyanopropyl  (4.6  *  150  mm).  MobHe 
phase:  10  mM  ammonium  acetate/1  mM  acetic  acid  (80/20,  v/v). 

The  toxic  peak  was  detected  at  230  nm  at  0.1  AUFS.  The  purity  of 
the  toxin  is  shown  in  Figure  3.  An  Altex  (Beckman)  cyanopropyl 
column  (4.6*  150  mm)  was  used.  The  running  conditions  were  the 
same  as  that  of  Figures  1  and  2. 


Section  XVI 
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Figure  4.  Extraction  procedure  used  for  antx-a<s). 

EXTRACTION  PROCEDURE  USED  FOR  ANATOXIN-a<s) 

lyophlllzed  cells  (10  g) 

In  acidified  ethanol  (pH  4.0)— 150  ml 
(acidified  with  concentrated  acetic  acid) 

l 

stir  24  hours 
L 

centrifuge  10,000  rpm  1  hour  30  minutes 

1 

supernatant 

(re-extract  pellet  If  still  toxic) 

1 

air  drying 
I 

reconstitute  In  0.1  M  acetic  acid 
(20  mL) 

i 

solid  pha^K  ext. action 
Cia  (Bondelut) 

l 

ion-exchange  chromatography 

(Amberllte  IRP  64)  (toxin  elutes  at  0.3  to  0.5  M  acetic  acid) 
(linear  gradient  0  to  1  M  acetic  acid) 

i 

*sem1-preparative  HPLC  (CN)  If 
sample  heavily  pigmented 


analytical  HPLC  CN 

10  mm  Amm.  acetate/a  mm  acetic  acid  (80:20) 

l 

Analytical  HPLC  CN 


*0m1t  If  not  pigmented 


Section  XVI 


Inhibition  of  electric  eel  acetylcholinesterase  by  antx-a<s) — 
the  "secondary  plot."  Note  that  p  Is  the  first-order  rate 
constant  which  was  the  rate  of  Inhibition  at  that  antx-a<s) 
concentration  was  derived  from  the  "primary  plot;"  [I]  Is  the 
antA-a(s)  concentration.  The  Intercept  on  the  1/p  axis  Is  1/k2 
and  the  Intercept  on  the  1/[I]  axis  Is  -I/Kq. 


Section  XVI 
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APPENDIX  TO  SECTION  XI 

Numerical  data  for  individual  pulse  decay  probes  used  to  measure  renal  and 


hepatic  perfusion  in  swine. 
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GILT  #3070  00  pg/kg  MCYST-A  1v 

Time  -  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  and  K1d2  ■  kidney  perfusion  measured  from  2  TPD  'temperature  pulse  decay) 
probes  In  ml /min  gm. 

Livl,  L1v2.  and  L1v3  ■  liver  perfusion  measured  from  3  TPD  probes  in  mi /min  gm. 
AoM  -  aortic  mean  pressure  In  mmHg. 

—  »  data  not  available. 

Note :  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  132-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  129  and  135 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

K1d2 

Livl 

L.1v2 

L1v3 

AoM 

-27 

3.8 

4.42 

1.96 

1 .04 

1,39 

124.1 

-24 

3.1 

4.32 

2.96 

0.72 

1 .24 

125.3 

-21 

4.49 

4.57 

3.2 

0.94 

1.12 

125 

-18 

3  71 

4.38 

2.72 

1.17 

1 .49 

125.8 

-15 

3.61 

4.42 

1.79 

0.7 

1 .24 

127,7 

-12 

3.35 

4.38 

2.54 

1.25 

1.39 

134.6 

-9 

3.08 

4.35 

3.07 

1.15 

1.11 

128.3 

-6 

3.33 

4.29 

2.88 

0.82 

1.22 

125.3 

-3 

3.48 

4.07 

3.53 

1.21 

1.29 

123.7 

0 

4 

4.52 

2.61 

1.47 

0.99 

128.7 

3 

3.5 

4.74 

2.53 

1.11 

1.41 

131 .2 

6 

4.31 

5.17 

2.54 

1.18 

1.03 

130.7 

9 

5.08 

5.32 

2.92 

1.3 

1 .28 

128.3 

12 

-- 

5.46 

2.51 

0.62 

1 .24 

126.8 

15 

4.97 

4.94 

2.93 

0.94 

0.93 

128.7 

18 

4.88 

4.91 

2.53 

0.71 

1.19 

126.7 

21 

4.12 

4.82 

1.9 

0.56 

0.75 

127 

24 

4.76 

5.05 

2.45 

0.8 

0.92 

128.2 

27 

3.68 

4.54 

2.17 

0.4 

1.23 

129 

30 

4.63 

4.89 

2.38 

0.87 

1 .22 

130.6 

33 

4.06 

4.49 

2.36 

0.78 

1.21 

128.6 

36 

3.83 

4.55 

1 .66 

0.59 

1.14 

127.8 

39 

4.52 

3.28 

1.62 

1.24 

0.94 

125.6 

42 

6.05 

5.47 

3.43 

2. OS 

1.94 

127 

45 

•  — 

4.35 

1.86 

1.05 

0.8 

127.2 

48 

3.18 

4.67 

1 .71 

1.87 

0.95 

126.6 

51 

4.41 

5,6 

1,77 

2.08 

0.61 

125.6 
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Time _ lOdJ _ 10^2 _ Utfj _ Uv2 _ Uv3 _ AoM 


54 

4.35 

5.17 

57 

5.27 

6.14 

60 

5.45 

6.61 

63 

2.96 

3.95 

66 

4.8 

5.96 

69 

4.97 

6.19 

72 

4.85 

5.n 

75 

3.27 

3.91 

78 

5.68 

5.98 

81 

4.56 

4.57 

84 

5.38 

5.29 

87 

6.1 

5.8 

90 

4.57 

4.39 

93 

4.88 

4.32 

96 

5.7 

6.56 

99 

— 

5.9 

102 

3.99 

4.24 

105 

4.89 

4.42 

108 

4.61 

4.64 

111 

6.42 

6.32 

114 

3.63 

4.54 

117 

6.32 

120 

3.68 

4.64 

123 

2.94 

3.55 

126 

3.95 

4.76 

129 

4.95 

5.97 

132 

4,34 

5.25 

135 

3.73 

4.52 

138 

4.1 

5.21 

141 

4.47 

5.9 

144 

4.22 

4,93 

147 

3.97 

3.95 

150 

— 

4.38 

153 

-- 

4.81 

156 

— 

«« 

159 

— 

•  • 

162 

165 

— 

5.42 

168 

— 

5.37 

171 

4.97 

5.32 

174 

4.98 

5.28 

177 

4.98 

5.24 

180 

5.04 

5.35 

183 

5.09 

5.45 

186 

4.81 

5.01 

189 

4.53 

4.56 

192 

3.78 

4.34 

195 

3.02 

4.11 

198 

3.48 

4.47 

2.33 

2.52 

1 

2.72 

2.05 

1.17 

3.15 

1.5 

1.4 

1.63 

2.42 

1.63 

1.95 

1 .48 

1.01 

2.94 

2.61 

1.38 

2.04 

3.4 

1.38 

0.74 

1.35 

0.97 

2.96 

1.1 

0.81 

2.36 

2.16 

1 .49 

1.3 

2.1 

0.93 

4.05 

2.09 

1.61 

.3.94 

2.29 

1.17 

3.75 

2.62 

1.81 

3.09 

3.24 

0.6 

3.14 

2.64 

1,16 

3.77 

1 .97 

1.16 

3.08 

2.13 

1.39 

3.15 

2.01 

1.06 

3.37 

2.71 

1.12 

2.94 

2.48 

1.27 

3.72 

3.02 

0.93 

3.22 

2.56 

1.02 

3.35 

2.06 

1.27 

2.85 

2.07 

1.11 

2.34 

2.08 

0.94 

2.33 

2.04 

0.96 

2.32 

2 

0.97 

2.2 

2.11 

0.82 

2.08 

2.21 

0.66 

2.35 

2.5 

0.96 

2.62 

2.79 

1.26 

2.19 

2.6 

1.32 

1.76 

2.4 

1.37 

1.47 

2.27 

1.51 

1.17 

2.14 

1.64 

1.93 

2.06 

1.36 

2.68 

1.93 

1.07 

2.48 

2.63 

1.07 

2.28 

3.27 

1.06 

2.45 

3.28 

1.24 

2.61 

3.28 

1.42 

2.69 

3.51 

1.54 

2.77 

3.73 

1.65 

2.31 

3.15 

1.63 

1.84 

2.57 

1.61 

2.33 

2.1 

1.03 

2.82 

1.62 

0.45 

2.75 

2.4 

1.11 

122.5 

129.9 

124.3 

124.8 

125.4 

130.3 

128.9 

127.6 

130.9 

125.2 

128.4 
123 

123.4 

126.2 

124.3 

124.1 

122.4 

122.4 
121  .7 
121  6 

121.6 

122.7 

122.8 

119.6 

121.3 
123 

120.4 

117.8 

114.4 

111.1 

116.1 

121.1 

119.1 

117.1 


125.5 

123.7 

121.9 

120.7 

119.5 

120.6 

121 .8 

120.6 

119.4 
118 

116.7 
117 


I 


B 
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GILT  #3045  00  jig/kg  MCYST-A  1v 

Time  -  minutes  In  relation  to  the  dost  of  MCYST-A. 

Kidl  and  K1d2  •  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Livl,  Ll72,  L1v3,  and  L1v4  -  liver  perfusion  measured  from  4  TPD  probe:  In 
ml /min  gm. 

AoM  -  aortic  mean  pressure  In  mm^ig. 

“  «  data  not  ava* lable. 

Note :  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  in  this  raw  data  from  120  to  3C0  minutes  are  means  of  the  2  closest 
6-m1nute  values.  £y*"*ple:  The  135-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  132  and  138 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

K1d2 

Livl 

Liv2 

L1v3 

Li  v4 

AoM 

-27 

3.4 

4.92 

2.72 

3 

2.63 

5.6 

130.9 

-24 

3.27 

4.05 

2.31 

2.85 

2.27 

6.87 

123.9 

-21 

4.76 

4.39 

2.45 

3.2 

2.35 

5.59 

123.4 

-18 

4.07 

4.6 

1.98 

1.39 

2.14 

118.2 

-15 

3.55 

4.08 

2.05 

1.91 

2.36 

•• 

125 

-12 

3.46 

4.94 

2.64 

2.4 

2.84 

4.62 

132.5 

-9 

3.86 

4.08 

1.94 

1.95 

2.27 

4.29 

123.2 

-6 

5.96 

4.08 

2.79 

— 

4.07 

4.84 

125.3 

-3 

4.41 

3.51 

2.35 

2.64 

1.89 

4.67 

122.2 

0 

2.43 

3.52 

2.52 

2.73 

2.65 

122.3 

3 

3.35 

3.78 

2.27 

2.31 

2.42 

4.33 

127.9 

6 

2.33 

3.97 

2.21 

1.48 

2.41 

•• 

133 

9 

3.26 

3.15 

1.99 

1.47 

2.1 

3.18 

121.4 

12 

— 

— 

2.61 

2.06 

2.46 

2.83 

15 

3.74 

5.1 

2.83 

3.23 

3.19 

4.97 

128.8 

18 

3.88 

4.47 

2.74 

3.21 

3.25 

3.5 

135.4 

21 

3.5 

2.82 

2.29 

1.15 

1.82 

2.4 

123.3 

24 

3.57 

2.97 

2.6 

2.93 

3.47 

131.2 

27 

4.99 

4.32 

3.04 

3.35 

2.95 

5.26 

132.8 

30 

— 

4.24 

2.8 

3.14 

2.88 

5.16 

130.1 

33 

3.51 

4.38 

2.93 

3.61 

3.21 

'4.4 

126.1 

36 

3.54 

4.83 

2.92 

2.66 

2.83 

2.3 

133.9 

39 

2.81 

4.47 

2.29 

1.45 

2.22 

122.5 

42 

~ 

2.48 

2.31 

2.7 

4.11 

45 

3.64 

5.76 

3.44 

3.68 

2.13 

127.6 

48 

3.73 

3.85 

3.1 

3.41 

2.71 

4.53 

125.4 
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Time  Kidl _ Kida _ LM 


LM _ klv3 _ Uv4 _ ^ 


51 

4.12 

54 

4.37 

57 

•• 

60 

4.03 

63 

66 

69 

... 

72 

4.23 

75 

4.36 

78 

3.75 

81 

4.27 

84 

3.85 

87 

^87 

90 

3.78 

93 

4.24 

96 

4.73 

99 

3.45 

102 

4.13 

105 

4.55 

108 

6.26 

111 

3.64 

114 

4.18 

117 

6.11 

120 

4.93 

123 

4.84 

126 

4.74 

129 

5.05 

132 

5.36 

135 

5.19 

138 

5.01 

141 

4.99 

144 

4.97 

147 

5.19 

150 

5.41 

153 

5.8 

156 

6.18 

159 

6.07 

162 

5.96 

165 

5.91 

168 

5.86 

171 

4.92 

174 

3.97 

177 

4.09 

180 

4.2 

183 

5.46 

186 

6.72 

189 

5.76 

192 

4.8 

195 

5.13 

4.55 

4.6 

5.61 

5.24 


6.78 

6.39 

5.99 

5.82 

5.64 

6.15 

6.65 

6.16 

5.66 

6.4 

7.14 
6.75 
6.36 

5.43 

4.5 
4.29 
4.07 
4.97 
5.87 

5.15 

4.43 
5.34 


3.02 

3.2 

2.89 

2.93 

3.06 

3.06 

3.19 


4.5 


3.98 

4.19 

4.4 

4.53 

4.65 

4.73 

4.8 

5.07 

5.34 

5.23 

5.12 

4.91 

4.7 

4.65 

4.6 


3.02 

3.81 

2.77 

2.96 

2.51 

3.06 

3.07 


3.34 

2.92 

2.9 

2.76 

2.69 

2.84 

3.16 


2.22 

4.54 

3.92 

2.85 

3.11 


3.71 

3.83 

3.56 

3.28 

3.34 

3.4 

3.07 

2.74 
3.22 

3.7 

3.3 
2.89 
3.66 
4.43 

3.75 
3.07 
3.54 
4.01 


3.97 


3.25 

3 

2.95 

2.9 

2.8 

2.69 

2.8 

2.9 

3.22 

3.54 

3.49 

3.43 

3.74 

4.04 

3.68 

3.32 


5.43 


4.25 


2.99 

3.18 

3.37 

3.57 

3.76 

3.35 

2.93 

3.13 

3.33 

3.01 

2.69 


130.3 

127 

124.1 

122.6 


4.34 

3.17 

3.29 

3.09 

5.48 

131  .4 

4.34 

3.5 

2.98 

3.14 

5.1 

122.3 

4.35 

3.24 

2.59 

3.2 

2.29 

126.3 

4.43 

3.43 

— 

4.22 

128.8 

4.08 

2.82 

3.42 

3.08 

5.03 

120.8 

3.68 

3.12 

2.96 

115.2 

4.31 

2.75 

3.04 

1.77 

116.7 

7.13 

3.16 

0.78 

1.38 

1.78 

113.8 

4.5 

3.25 

3.13 

2.57 

3.71 

108.7 

5.02 

4.12 

1.88 

2.29 

3.29 

116.2 

5. 1 

3.66 

2.54 

3.01 

1.92 

127.7 

4.21 

3.57 

4.93 

2.91 

112.5 

6.1 

3.89 

— 

3.56 

121 

4.88 

3.89 

2.45 

2.27 

3.05 

115.4 

5.94 

4.26 

2.09 

2.8 

2.82 

113.5 

6.51 

3.39 

2.93 

2.42  - 

--  . — 

-  113 

5.41 

4.21 

2.82 

2.61 

4.72 

107.8 

5.26 

4.44 

3.2 

3.06 

105.6 

5. 1 

e  i^A 

4.66 

3.58 

3.5 

— 

103.4 

109.3 

115.3 
115.2 

115.1 

112.5 

no 

110.6 

111.2 

105.7 

100.2 

104.4 

108.6 

109.4 

110.2 

108.8 

107.5 

104.5 

101 .6 

105.1 

108.6 

104.2 

99.8 

99.6 


m 
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GILT  #3230  00  ^g/kg  MCYST-A  iv 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  and  K1d2  ■  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Livl,  L1v2,  and  L1v3  »  liver  perfusion  measured  from  3  TPD  probes  In  ml/mln  gm. 
AoM  »  aortic  mean  pressure  In  mmHg. 

—  -  data  not  available. 

Note :  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  135-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  132  and  138 


minutes. 

pressurs 

Six-minute  means  for  hepatic  and 
were  calculated  from  this  raw  data. 

renal  perfusion  and 

arterial  mean 

Time 

Kldl 

K1d2 

Livl 

L1v2 

Liv3 

AoM 

-27 

3.32 

4.49 

1.39 

1.66 

2.26 

107.1 

-24 

3 

4.43 

1 .21 

1.4 

2.49 

103.9 

-21 

3.32 

4.67 

1.29 

1.78 

2.31 

104.5 

-18 

3.27 

4.66 

1.4 

1.91 

2.45 

104.6 

-15 

3.27 

4.81 

1.54 

1.82 

2.73 

104.3 

-12 

3.41 

4.91 

1.83 

1.89 

2.74 

105.8 

-9 

2.72 

4.1 

2.03 

1.7 

2.95 

106.2 

-6 

3.58 

5.28 

1.73 

1.93 

2.88 

107.3 

-3 

3.38 

4.81 

1.6 

1.96 

2.98 

105.2 

0 

2.86 

4.23 

1.26 

1.6 

2.44 

104.8 

3 

2.96 

4.4 

1.54 

1.55 

2.68 

107.9 

6 

2.61 

3.76 

1.31 

1.28 

2.35 

110.4 

9 

3.01 

4.55 

0.77 

1.15 

1 .61 

113.3 

12 

2.77 

4.3 

0.48 

1.83 

1 .44 

117.7 

15 

2.36 

3.45 

0.22 

1.73 

1.15 

123.7 

18 

2.23 

3.26 

0.26 

1.38 

1 .02 

126.9 

21 

2.09 

3 

0.46 

1.67 

1 .21 

124.5 

24 

2.33 

3.76 

0.63 

1.65 

1 .46 

121.3 

27 

1.55 

2.28 

0.76 

1.68 

1 .65 

114.1 

30 

2.38 

3.44 

1.01 

1.71 

1.86 

114.9 

33 

2.87 

3.89 

0.96 

1.77 

1  .91 

112.2 

36 

2.75 

3.74 

1.01 

1.69 

2.07 

110.4 

39 

3 

4.57 

1.7 

2.44 

2.09 

108.9 

42 

3.05 

4.59 

2.06 

2.36 

2.17 

105.3 

45 

2.74 

4.11 

2.54 

2.52 

2.55 

104.7 

48 

2.94 

4.52 

1.81 

2.32 

2.5 

104.6 

51 

2.77 

4.22 

2.05 

2.36 

2.92 

103.5 
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Time 

<1d1 

L1v2 

L1v3 

AoM 

54 

3.46 

5.07 

2.42 

3.17 

3.75 

102.3 

57 

3.06 

4.18 

2.07 

3.18 

3.59 

104.8 

60 

1.95 

2.66 

— 

1.06 

1.34 

101 .2 

63 

3.19 

5.03 

1.79 

2.49 

2.64 

'07.9 

66 

3.76 

5.23 

-- 

2.03 

2.67 

112.6 

69 

2.93 

4.31 

1.02 

2.29 

2.08 

108.4 

72 

2.52 

4.3 

1.07 

2.09 

1.83 

109.2 

75 

— 

— 

1.59 

3.57 

3.44 

119.3 

78 

3.1 

3.84 

0.82 

2.15 

2.49 

111.3 

81 

3.97 

5.43 

1.02 

2.56 

2.27 

114.3 

84 

2.59 

3.46 

0.82 

1.38 

2.29 

111.2 

87 

2.34 

3.08 

0.51 

1.67 

1.69 

111.3 

90 

2.2 

3 

0.81 

0.74 

1.97 

112.4 

93 

2.14 

3.26 

0.51 

0.7 

2.09 

108.1 

96 

2.96 

4.18 

0.27 

0.63 

2.82 

111 

99 

2.58 

3.77 

0.39 

1.12 

2.12 

108.8 

102 

4.31 

6.1 

0.6 

0.53 

2  46 

112.4 

105 

3.45 

4.83 

0.64 

1.19 

2.15 

111.1 

108 

4.2 

5.8 

0.46 

1 .24 

2.47 

110.9 

111 

2.49 

3.47 

0.41 

1.17 

1.85 

108.9 

114 

1.68 

2.51 

0.23 

1  .39 

1.81 

104.3 

117 

2.9 

4.37 

0.95 

1.73 

2.22 

108.3 

120 

1.82 

3.07 

0.51 

1.19 

1.35 

105.2 

123 

2.38 

3.75 

0.41 

0.99 

1.41 

105.3 

126 

2. '94 

4.43 

0.3 

0.78 

1.46 

105.4 

129 

2.29 

3.51 

0.16 

0.66 

1.68 

104.2 

132 

1.64 

2.59 

0 

0.54 

1.39 

103 

135 

2.35 

3.5 

0.79 

0.92 

2.37 

104.2 

138 

3.05 

4.41 

1.56 

1.3 

2.85 

105.4 

141 

3.01 

4.41 

1.5 

1.61 

2.77 

104.7 

144 

2.96 

4.4  . 

1.43 

1.92 

2.68 

104 

147 

2.99 

4.75 

1.25 

1.91 

2.62 

105.3 

150 

3.01 

5.1 

1.07 

1 .89 

2.56 

106.6 

153 

2.45 

3.91 

1.15 

1.24 

2.32 

107.7 

156 

1.88 

2.71 

1.22 

0.58 

2.08 

108.8 

159 

1.77 

2.67 

106.3 

162 

1.65 

2.62 

103.8 

165 

2.16 

3.17 

•— 

100.4 

168 

2.66 

3.72 

0.69 

1.95 

1.98 

97.1 

171 

2.72 

3.78 

0.79 

1.77 

2.14 

97.3 

174 

2.78 

3.84 

0.89 

1  ..'^9 

2.3 

97.6 

177 

2.77 

3.8: 

1.31 

2.21 

2.71 

100.2 

180 

2.75 

3.82 

1.72 

2.82 

3.11 

102.8 

183 

2.63 

3.74 

1.24 

2.15 

2.68 

96.9 

186 

2.51 

3.65 

0.75 

1.47 

2.24 

91 

189 

2.56 

3.67 

0.62 

1.62 

2.29 

92.5 

192 

2.61 

3.68 

0.48 

1.76 

2.34 

94 

195 

2.29 

3.44 

0.86 

1.94 

2.57 

93.8 

198 

1.97 

3.2 

1.24 

2.12 

2.79 

93.6 
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Time 

Kidl 

Kid2 

Livl 

Llv2 

L1v3 

AoM 

201 

2.16 

3.28 

1.2 

1.95 

2.82 

92.6 

204 

2.34 

3.35 

1.16 

1.78 

2.85 

91.5 

207 

2.83 

4.13 

1.63 

2.1 

3.07 

93.1 

210 

3.32 

4.91 

2.09 

2.42 

3.28 

94.7 

213 

2.99 

4.4 

1.7 

2.36 

3.22 

95 

216 

2.66 

3.89 

1.3 

2.3 

3.15 

96.3 

219 

2.89 

4.3 

1.57 

2.56 

3.07 

92.9 

222 

3.11 

4.7 

1.83 

2.81 

2.98 

90.5 

225 

2.64 

4.05 

1.11 

1.93 

2.41 

88.3 

228 

2.16 

3.4 

0.38 

1 .04 

1 .84 

86.2 

231 

2.45 

3.71 

0.8 

1.7 

2.39 

86.7 

234 

2.73 

4.02 

1.22 

2.36 

2.93 

87.2 

237 

2.79 

3.88 

1.94 

2.52 

87.6 

240 

2.84 

3.74 

1.52 

2.1 

87.9 

243 

2.63 

3.62 

•» 

1.67 

2.1 

87.7 

246 

2.41 

3.5 

0.78 

1.82 

2.09 

87.4 

249 

2.7 

3.73 

1 .07 

2.26 

2.35 

84.9 

252 

2.99 

3.96 

1.35 

2.69 

2.61 

82.4 

255 

2.49 

3.42 

1.6 

2.36 

2.96 

82.9 

258 

1.98 

2.88 

1.85 

2.02 

3.31 

83.5 

261 

2.07 

3.01 

1.22 

2.48 

2.9 

84.1 

264 

2.15 

3.14 

0.59 

2.94 

2.49 

84.6 

267 

2.4 

3.41 

0.93 

— 

2.74 

— 

270 

2.85 

3.85 

1.27 

— 

2.98 

— 

273 

2.4 

3.63 

1.37 

2.87 

— 

276 

2.14 

3.41 

1.46 

2.03 

2.76 

82.8 

279 

2.15 

3.27 

2.25 

2.39 

84.7 

282 

2.16 

3.12 

2.46 

2.02 

86.5 

285 

2.18 

3.15 

2.3 

2.5 

84.9 

288 

2.2 

3.18 

2.04 

2.14 

2.97 

83.3 

291 

2.68 

3.99 

2.34 

2.16 

3.23 

86.2 

294 

3.16 

4.79 

2.63 

2.17 

3.48 

89 

297 

2.87 

4.36 

1.96 

2.74 

3.51 

86.6 

rj 

2.58 

3.93 

1.29 

3.3 

3.53 

84.2 
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GILT  #3321  00  jxg/kg  MCYST-A  1v 

Time  ■  minutes  in  relation  to  the  dose  of  MCYST-A. 

Kidl  and  K1d2  -  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Livl,  Liv2,  and  L1v3  -  liver  perfusion  measured  from  3  TPD  probes  In  ml /min  gm. 
AoM  -  aortic  mean  pressure  In  mmHg. 

—  -  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-minute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  132-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  129  and  135 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Kid2 

Livl 

Liv2 

Liv3 

AoM 

-27 

2.32 

2.18 

4.16 

2.77 

4.86 

120.8 

-24 

2.36 

2.28 

3.61 

2.26 

4.14 

121.2 

-21 

2.53 

2.79 

4.26 

2.47 

4.7 

118.4 

-18 

2.44 

2.43 

4.29 

2.72 

4.91 

117.6 

-15 

2.61 

2.56 

3.95 

2.56 

4.46 

114.4 

-12 

2.75 

2.93 

4.53 

2.76 

5.05 

116 

-9 

2.52 

2.77 

4.78 

3.27 

•5.26 

116 

-6 

3.07 

3.14 

4.22 

2.72 

5.09 

116.8 

-3 

3.18 

3.2 

4.33 

2.54 

4.73 

116.8 

0 

2.7 

2.98 

3.91 

3.88 

5.79 

112 

3 

3.72 

3.85 

4.55 

2.76 

5.09 

6 

1.98 

2 

3.88 

4.16 

5.38 

124.8 

9 

3.16 

3.67 

5.44 

2.3 

5.19 

130.8 

12 

3.37 

3.14 

4.25 

4.89 

5.89 

118.4 

15 

3.28 

3.18 

4.59 

4.91 

5.74 

114.8 

18 

2.69 

3.43 

3.89 

2.8 

4.8 

124.8 

21 

— 

4,38 

5.07 

4.67 

6.49 

115.2 

24 

2.61 

3.43 

4.43 

2.61 

5.16 

124.4 

27 

3.5 

4.1 

5.08 

2.78 

5.21 

124.8 

30 

4.48 

4.65 

4.72 

4.41 

6.89 

114.4 

33 

3.11 

3.46 

3.28 

3.58 

4.07 

112.8 

36 

3.91 

3.75 

4.53 

4.49 

5.7 

114 

39 

3.79 

3.75 

4.31 

4.13 

5.7 

115.6 

42 

3.13 

3.4 

5.29 

3.16 

6.37 

124 

45 

4.09 

4.17 

4.04 

4 

4.98 

113.2 

48 

2.96 

2.8 

3.81 

3.19 

4.41 

110.8 

51 

3.89 

3.8 

4.57 

4.43 

4.9 

109.6 
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Time 

Kidl 

K1d2 

Llvl 

Llv2 

Liv3 

AoM 

54 

3.5 

3.92 

3.95 

3.66 

5.06 

115.6 

57 

3.92 

5.21 

4.19 

3.74 

5.19 

120 

60 

3.34 

4.04 

;.28 

3.8 

5.02 

115.6 

63 

2.94 

3.96 

3.91 

3.43 

4.84 

123.2 

66 

4.22 

3.75 

5.65 

3.42 

5.52 

113.6 

69 

3.19 

4.34 

4.74 

3.47 

5.74 

122.4 

72 

3.57 

3.92 

4.4 

3.85 

7.22 

112.8 

75 

2.8 

3.61 

4.54 

2.8 

4.98 

124 

78 

3.65 

3.69 

4.73 

3.24 

6.07 

114.4 

81 

4.07 

4.41 

5.12 

4.77 

7.29 

110.8 

84 

3.52 

4.36 

3.53 

3.83 

3.94 

115.2 

b7 

3.75 

4.32 

4.33 

3.35 

4.72 

120 

90 

3.6 

4.66 

4.53 

4.13 

5.35 

116 

93 

3.14 

4.19 

3.83 

3.15 

3.93 

116.8 

96 

3.27 

4.31 

3.5 

3.76 

4.3 

121..’, 

99 

3.01 

4.05 

3.79 

3.47 

3.39 

113.6 

102 

3.35 

4.58 

4.59 

4.56 

5.45 

no 

105 

3.94 

4.96 

5.04 

4.7 

5.01 

ni  .2 

108 

4.14 

4.27 

5.08 

3.69 

7.27 

111.2 

111 

4.09 

5.33 

6.16 

5.66 

6.51 

110.4 

114 

4.05 

4.71 

4.17 

4.66 

4.66 

112 

117 

3.54 

3.89 

5.46 

4.63 

7.16 

108.4 

120 

3.06 

3 

5.04 

3.45 

6.8 

113.6 

123 

3.48 

3.67 

5.29 

4.82 

6.65 

n2.4 

126 

3.89 

4.34 

5.53 

6.19 

6.5 

111.2 

129 

4.29 

4.63 

5.18 

4.78 

6.52 

111.6 

132 

4.69 

4.92 

4.83 

3.36 

6.54 

112 

135 

4.76 

4.91 

4.73 

3.62 

7.08 

110.2 

138 

4.83 

4.89 

4.63 

3.88 

7.61 

108.4 

141 

4.53 

4.81 

4.66 

4.05 

7.48 

107.2 

144 

4.22 

4.72 

4.69 

4.21 

7.35 

106 

147 

4.33 

4.5 

4.76 

3.94 

6.7 

109.8 

150 

4.43 

4.27 

4.82 

3.67 

6.05 

113.6 

153 

3.79 

4.16 

4.15 

3.96 

5.84 

111.8 

156 

3.14 

4.05 

3.48 

4.25 

5.63 

110 

159 

2.91 

3.68 

4.15 

3.91 

6.28 

110.4 

162 

2.68 

3.31 

4.82 

3.56 

6.92 

110.8 

165 

3.26 

4 

4.43 

4.18 

6.38 

107.4 

168 

3.84 

4.69 

4.03 

4.3 

5.84 

104 

171 

3.46 

3.97 

4.42 

4.24 

6.17 

105.6 

174 

3.07 

3.24 

4.8 

3.67 

6.49 

107.2 

177 

3.4 

3.59 

4.99 

3.68 

7.3 

108 

180 

3.72 

•  3.93 

5.18 

3.68 

8.11 

108.8 

183 

3.93 

4.25 

5.48 

4.06 

8.12 

107.6 

186 

4.13 

4.57 

5.78 

4.43 

8.13 

106.4 

189 

3.89 

4.36 

5.36 

4.72 

7.24 

104.8 

192 

3.65 

4.15 

4.94 

5 

6.34 

103.2 

195 

3.23 

3.94 

5.05 

4.76 

6.95 

103.8 

198 

2.81 

3.73 

5.16 

4.52 

7.56 

104.4 
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Time 

Kidl 

<1d2 

Livl 

L1v2 

Liv3 

AoM 

201 

3.35 

4.04 

4.73 

4.38 

7.41 

102.2 

204 

3.39 

4.35 

4.29 

4.24 

7.25 

100 

207 

4.25 

4.52 

4.68 

4.21 

7.16 

100.8 

210 

4.8 

4.68 

5.07  • 

4.18 

7.07 

101.6 

213 

4.48 

4.32 

5.31 

4 

6.59 

105.4 

216 

4.16 

3.96 

5.54 

3.81 

6.11 

109.2 

219 

4.09 

4.33 

5.4 

4.11 

6.66 

105.2 

222 

4.01 

4.69 

5.26 

4.41 

7.21 

101.2 

225 

3.89 

4.36 

5.13 

3.84 

7.1 

104.8 

228 

3.76 

4.03 

4.99 

3.27 

6.99 

108.4 

231 

3.39 

3.88 

5 

3.75 

6.4 

103.8 

234 

3.01 

3.73 

5.01 

4.23 

5.81 

99.2 

237 

3.26 

3.74 

5-24 

4.31 

6.16 

102.8 

240 

3.51 

3.75 

5.47 

4.38 

6.51 

106.4 

243 

3.45 

3.55 

5.34 

3.89 

6.47 

104 

246 

3.38 

3.34 

5.21 

3.4 

6.42 

101.6 

249 

3.84 

3.89 

5.38 

3.52 

6.54 

101.2 

252 

4.29 

4.44 

5.54 

3.63 

6.65 

100.8 

255 

3.55 

3.68 

4.75 

3.71 

6.67 

96.6 

258 

2.8 

2.92 

3.95 

3.79 

6.68 

92.4 

261 

2.9 

3.22 

4.79 

3.62 

6.12 

93.2 

264 

2.99 

3.52 

5.63 

3.45 

5.56 

94 

267 

3.81 

4.02 

6.55 

4.01 

6.65 

98.6 

270 

4.62 

4.52 

7.46 

4.57 

7.74 

103.2 

273 

3.83 

4.04 

6.1 

4.38 

7.37 

99.4 

276 

3.03 

3.55 

4.73 

4.18 

6.99 

95.6 

279 

3.09 

3.57 

4.66 

4.41 

7.23 

95.4 

282 

3.15 

3.59 

4.59 

4.64 

7.47 

95.2 

235 

2.88 

3.35 

4.85 

4.6 

7.44 

94.8 

288 

2.61 

3.11 

5.11 

4.55 

7.41 

94.4 

291 

3.2 

3.79 

5.16 

4.52 

7.46 

94.4 

294 

3.78 

4.47 

5.21 

4.49 

7.5 

94.4 

297 

3.67 

4.24 

4.89 

4.41 

7.04 

94 

300 

3.55 

4 

4.57 

4.32 

6.57 

93.6 
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GILT  #2895  25  pg/kg  MCYST-A  iv 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  and  K1d2  -  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Livl  and  Liv2  »  liver  perfusion  measured  from  2  TPD  probes  In  ml /min  gm. 

AoM  •  aortic  mean  pressure  In  imnHg. 

~  -  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  132-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  129  and  135 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Kid2 

Livl 

Liv2 

AoM 

-27 

3.16 

2.75 

1  62 

2.68 

.121 

-24 

2.75 

2.95 

1.3 

2.31 

117.5 

-21 

3.05 

3.25 

1.7 

2.5 

112.2 

-18 

3.33 

3.78 

1.86 

2.52 

113.5 

-15 

3.21 

4.45 

1.85 

2.65 

112.1 

-12 

3.21 

4.35 

2.34 

2.69 

109.6 

-9 

3.53 

4.84 

1.78 

2.5 

107.2 

-6 

3.48 

4.64 

1.84 

2.51 

108.5 

-3 

3.4 

4.22 

1.91 

2.54 

108.1 

0 

3.37 

4.4 

1.54 

2.59 

114.5 

3 

2.64 

2.23 

1.55 

2.29 

109.7 

6 

3.32 

3.78 

1.69 

2.6 

117.2 

9 

3.42 

3.78 

1.55 

2.52 

114.5 

12 

3.19 

3.84 

1.45 

2.73 

112.8 

15 

3.31 

3:88 

1.4 

2.63 

112.9 

18 

3.37 

4.48 

1.35 

2.78 

109.7 

21 

3.24 

3.84 

1.39 

2.78 

107.6 

24 

2.93 

3.18 

1.16 

2.89 

104.9 

27 

3.17 

3.7 

1.1 

2.9 

105.7 

30 

3.35 

3.83 

0.92 

2.48 

107.1 

33 

3.18 

2.99 

0.69 

2.42 

103.8 

36 

2.64 

3.38 

1.01 

1.76 

104.2 

39 

2.91 

4.2 

0.51 

1.72 

117.1 

42 

2.72 

3.58 

0.21 

1.57 

118.7 

45 

2.54 

3.45 

0.6 

1.64 

121 .2 

48 

2.37 

— 

116.9 

51 

2.63 

3.35 

0.47 

1.48 

113.5 
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I 

Time  Kidl  K1d2  Livl  Liv2  AoM 


54 

2.65 

3.53 

57 

2.65 

3.34 

60 

2.58 

3.3 

63 

2.54 

3.56 

66 

2.64 

4.31 

69 

2.27 

3.04 

72 

2.95 

3.16 

75 

2.62 

3.38 

73 

2.49 

3.08 

81 

2.37 

2.98 

84 

2.19 

2.42 

87 

2.45 

3.19 

90 

2.11 

2.96 

93 

2.39 

2.87 

96 

1 .44 

1.8 

99 

2.37 

3 

102 

2.23 

2.59 

105 

2.29 

2.-32 

108 

2.1 

2.61 

111 

2.25 

2.96 

114 

2.23 

3.28 

117 

2.2 

3.13 

120 

2.19 

2.64 

123 

2.175 

2.805 

126 

2.16 

2.97 

129 

2.36 

3.15 

132 

2.31 

2.855 

135 

2.26 

2.56 

138 

2.47 

2.74 

141 

2.68 

2.92 

144 

2.505 

3.02 

147 

2.33 

3.12 

150 

2.315 

3.13 

153 

2.3 

3.14 

156 

2.23 

3.685 

159 

2.16 

4.23 

162 

2.16 

3.665 

165 

2.16 

3.1 

168 

1.605 

2.06 

171 

1.05 

1.02 

174 

1.345 

1.53 

177 

1.64 

2.04 

180 

1.985 

2.565 

183 

2.33 

3.09 

186 

1.885 

2.66 

189 

1.44 

2.23 

192 

1.655 

2.435 

195 

1.87 

2.64 

198 

1.79 

2.645 

0.55 

1.4 

113.7 

0.37 

1.26 

111.2 

0.61 

1.07 

111.1 

0.45 

0.85 

111 

1.97 

1.57 

109.5 

1.65 

1.54 

111.2 

1.06 

1.36 

111.2 

1.25 

1 .36 

111 

1.66 

1.38 

108.9 

0.51 

1.06 

106 

1.03 

1.19 

101.3 

1.38 

1.23 

105.7 

1.13 

0.84 

107.3 

1.53 

1 

106.1 

1.06 

1.06 

105.7 

1.3 

1.4 

102.2 

1.68 

1.07 

100.6 

1.42 

1.36 

98.9 

1.54  ' 

1.46 

100 

1.1 

1.01 

102.6 

1.83 

1 .87 

103 

1.56 

1.5 

100.7 

1.28  _ 

^1.22  -  . 

105 

1.61 

1.32 

103.7 

1.94 

1.42 

102.4 

1.26 

1.65 

93.9 

1.41 

1.58 

99.2 

1.56 

1.51 

99.5 

1.255 

1 .275 

100.2 

0.35 

1 .04 

100.9 

1.405 

1.31 

97.5 

1.86 

1.58 

94.1 

1.815 

1.47 

93.5 

1.77 

1.36 

92.9 

2.24 

1.605 

90.95 

2.71 

1 .85 

89 

1.83 

1.64 

88.55 

0.95 

1.43 

88.1 

0.925 

1 .41 

80.2 

0.9 

1.39 

72.3 

1.18 

1.82 

73.55 

1.46 

2.25 

74.8 

1.675 

2.095 

78.7 

1.8? 

1.94 

82.6 

1.66 

1.805 

81.95 

1.43 

1.67 

81.3 

1.345 

1.68 

84.1 

1.26 

1.59 

86.9 

1.26 

1 .46 

37.05 
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GILT  #2987  25  pg/kg  MCYST-A  1v 

Time  ■  minutes  in  relation  to  the  dose  of  MCYST-A. 

Kidl  and  Kid2  ■  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  in  ml /min  gm. 

Livl  and  L1v2  »  liver  perfusion  measured  from  2  TPD  probes  in  ml /min  gm. 

AoM  -  aortic  mean  pressure  In  mmHg. 

—  -  data  not  available. 

Note:  The  organ  perfusion  and  bicod  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-minute  averages 
presented  in  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  153-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  150  and  156 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

K1d2 

Livl 

Llv2 

AoM 

-27 

5.06 

6.4 

3.27 

1.02 

105.4 

-24 

5.01 

6.03 

4.15 

1.19 

107.4 

-21 

5.32 

6.14 

4.6 

1.2 

106.6 

-18 

4.81 

5.59 

4.54 

1.61 

120.9 

-15 

5.07 

5.6 

3.97 

1.06 

115.2 

-12 

4.27 

4.98 

3.17 

1.41 

108.7 

-9 

4.63 

5.92 

3.72 

1.8 

108.3 

-6 

5.22 

5.7 

3.86 

1.99 

119.1 

-3 

4.45 

5.48 

4.39 

2 

116.9 

0 

4.48 

4.75 

2.42 

0.92 

120.4 

3 

4.35 

5.43 

4.27 

1.56 

118.5 

6 

5.31 

6.23 

3.77 

1 .54 

111.9 

9 

6-25 

8.11 

4.04 

1.68 

110.3 

12 

— 

1.15 

98.4 

15 

5.79 

/ 

3.22 

1.73 

95.2 

18 

5.36 

6.1 

2.78 

1.35 

94.2 

21 

4.83 

5.36 

2.81 

2.13 

97.7 

24 

5.2 

5.92 

3.26 

1.45 

91.3 

27 

4.65 

4.83 

3.66 

1.98 

84.3 

30 

5.1 

5.48 

4.19 

2.03 

86.1 

33 

3.6 

4.36 

3.37 

1.1 

88.3 

36 

4.41 

5.11 

3.31 

1.6 

89.1 

39 

4.35 

4.73 

2.45 

1.51 

84.5 

42 

4.51 - 

5.22 

3.3 

1.21 

90 

45 

4.81 

5.44 

3.14 

1.11 

88.3 

48 

4.26 

5.2 

1.6 

1 

S0.1 

51 

4.71 

5.64 

2.16 

0.81 

87 
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Time 

<idl 

54 

4.14 

57 

4.66 

60 

4.29 

63 

4.76 

66 

4.01 

69 

4.15 

72 

4.94 

75 

4.53 

78 

4.36 

81 

4.42 

34 

4.39 

87 

4.24 

90 

4.72 

93 

4.65 

96 

4.04 

99 

4.02 

102 

4.66 

105 

4.35 

108 

4.38 

111 

4.48 

114 

4.55 

117 

4.79 

120 

4.32 

123 

4.08 

126 

3.84 

129 

4.21 

132 

4.58 

135 

4.55 

138 

4.52 

141 

4.21 

144 

3.89 

147 

3.85 

150 

3.81 

153 

3.77 

156 

3.72 

159 

4.02 

162 

4.31 

165 

4.05 

163 

3.79 

171 

3.95 

174 

4.1 

177 

4.11 

180 

4.11 

183 

3.94 

186 

3.77 

189 

4.17 

192 

4.57 

195 

4.34 

198 

4.11 

K1d2  Livl 


5.18 

1.23 

5.33 

2.43 

5.61 

2.1 

5.67 

2.42 

— 

1.78 

4.21 

2.22 

5.71 

2.16 

5.19 

2.34 

4.92 

1.7 

5.96 

2.42 

5.31 

2.37 

5.38 

3.24 

5.85 

1.3 

5.13 

2.47 

4.73 

4.47 

1.27 

5.29 

2.51 

4.09 

2.9 

4.56 

2.62 

4.85 

2.09 

5.2 

2.48 

5.17 

1.64 

4.39 

1.85 

4.36 

2.24 

6  33 

2.62 

4.45 

1.79 

4.57 

0.95 

4.68 

1.64 

4.78 

2.33 

4.33 

2.45 

3.87 

2.56 

3.89 

2.44 

3.91 

2.32 

3.71 

2.33 

3.51 

2.33 

4.01 

1.98 

4.51 

1.63 

4.11 

2.08 

3.7 

2.53 

3.78 

2.53 

3.86 

2.52 

4.04 

2.54 

4.21 

2.55 

3.68 

2.48 

3.14 

2.41 

3.75 

4.36 

4.14 

3.91 

1.37 

Uv2 _ ^ 


0.76 

90 

0.83 

89.8 

0.66 

89.8 

1.03 

89.3 

1.12 

89.4 

1.41 

87.4 

0.71 

92.5 

0.77 

93.2 

0.66 

97.7 

2.11 

91.3 

1.44 

92.3 

1.28 

90.3 

1.32 

91.2 

0.46 

91  .4 

0.62 

90.3 

1.31 

89.2 

2.14 

92.8 

0.69 

88.6 

0.69 

90.2 

2.11 

90. 1 

0.82 

90.2 

1 .04 

89.1 

0.53 

88.7 

0.71 

89.6 

0.89 

90.4 

— 

89.1 

— 

87.8 

— 

86.8 

1.23 

85.7 

1.39 

84.3 

1.55 

83 

0.92 

84.6 

0.28 

86.2 

0.33 

85.6 

0.38 

85 

0.65 

84.6 

0.92 

84.2 

0.63 

84 

0.33 

83.8 

0.39 

83.4 

0.44 

83. 1 

0.41 

82.8 

0.37 

82.6 

0.44 

84.2 

0.5 

85.7 

0.38 

86.6 

0.25 

87.4 

0.22 

86.9 

0.18 

86.5 

1 
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Time 

Kidl 

K{d2 

Llvl 

Llv2 

AoM 

201 

4.15 

4.07 

2.1 

0.46 

84.3 

204 

4.19 

4.22 

2.83 

0.73 

82.2 

207 

4 

3.88 

2.78 

0.73 

82.2 

210 

3.81 

3.54 

2.72 

0.73 

82.2 

213 

3.82 

3.61 

2.37 

— 

80.8 

216 

3.83 

3.68 

2.02 

— 

79.3 

219 

3.91 

3.56 

2.53 

— 

77.9 

222 

3.98 

3.44 

3.03 

1  .08 

76.5 

225 

4.04 

3.64 

3.18 

0.94 

76.8 

228 

4.1 

3.84 

3.32 

0.8 

77.1 

231 

4 

3.67 

3.24 

0.83 

76.9 

234 

3.89 

3.5 

3.15 

0.85 

76.8 

237 

3.5 

3.32 

3.34 

79.3 

240 

3.11 

3.13 

3.52 

— 

81.7 

243 

3.05 

3.21 

3.16 

86.8 

246 

— 

2.8 

249 

2.83 

2.82 

2.82 

— - 

86.6 

252 

2.66 

2.35 

2.83 

0.56 

81.2 

255 

2.79 

2.53 

2.69 

0.74 

79.1 

258 

2.92 

2.7 

2.54 

0.92 

76.9 

261 

2.92 

2.61 

2.31 

0.81 

75.8 

264 

2.92 

2 . 

2.08 

0.69 

74.6 

267 

2.89 

2.63 

2.17 

0.56 

73.1 

270 

2.86 

2.73 

2.26 

0.43 

71.5 

273 

3.27 

3.2 

2.53 

0.55 

72.8 

276 

3.68 

3.67 

2.79 

0.67 

74.1 

279 

3.72 

3.66 

2.65 

0.57 

73.7 

282 

3.75 

3.64 

2.5 

0.47 

73.2 

285 

3.83 

3.85 

2.8 

0.89 

72.9 

288 

3.91 

4.06 

3.1 

1.3 

72.6 

291 

3.59 

3.7 

2.69 

0.79 

72.8 

294 

3.26 

3.33 

2.28 

0.27 

73.1 

297 

3.37 

3.54 

2.45 

0.43 

72.9 

300 

3.48 

3.74 

2.61 

0.58 

72.8 
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GILT  #2964  25  ng/kg  MCYST-A  iv 

Time  »  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kldl  and  K1d2  ■  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Llvl,  L1v2,  and  Llv3  -  liver  perfusion  measured  from  3  TPO  probes  In  ml/mln  gm. 
AoM  ■  aortic  mean  pressure  In  mmHg. 

—  «  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-minute  averages 
presented  in  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  129-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  126  and  132 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

kid2 

Livl 

Liv2 

L1v3 

AoM 

-27 

6.23 

3.15 

1.8 

5.32 

2.1 

103.6 

-24 

6.71 

3,54 

2.05 

5.62 

2.41 

99 . 7 

-21 

6.63 

3.38 

1.78 

5.13 

3.5 

100.7 

-18 

6.14 

3.5 

1.83 

3.91 

2.46 

100.5 

-15 

6.3 

3.31 

2.14 

4.39 

2.43 

101 .8 

-12 

6.5 

3.28 

2.1 

3.84 

2.82 

98.6 

-9 

7.6 

4.11 

2.05 

4.23 

2.71 

101.3 

-6 

6.72 

3.6 

2.1 

4.47 

2.55 

100.5 

-3 

6.8 

3.73 

1.98 

3.62 

2.27 

93.9 

0 

6.11 

3.18 

1.83 

4.17 

2.17 

98.4 

3 

6.56 

3.8 

2.02 

4.02 

2.46 

101.6 

6 

6.58 

3.5 

2.11 

4.48 

2.95 

100.8 

9 

6.46 

3.6 

2.23 

4.05 

2.87 

101.9 

12 

6.67 

3.76 

2.27 

4.16 

3.1 

101.5 

15 

6.85 

3.9 

2.07 

4.38 

3.16 

102.2 

18 

7.68 

4.56 

2.18 

4.27 

4.29 

104 

21 

6.81 

3.68 

1.92 

3.78 

2.88 

98.1 

24 

7.28 

4.1 

2.04 

3.6 

3.73 

100 

27 

7.13 

4.1 

1.73 

4.04 

2.93 

101.3 

30 

7.5 

4.29 

1.73 

3.89 

3.35 

100.9 

33 

6.09 

3.38 

1.39 

4.18 

2.18 

96.6 

36 

7.53 

4.15 

1.71 

3.45 

3.15 

100.8 

39 

7.6 

4.23 

1.56 

3.41 

3.82 

100.6 

42 

5.73 

3.32 

1.53 

3.27 

2.27 

100.3 

45 

6.71 

3.94 

1.19 

3.19 

2.27 

104.2 

48 

6.36 

3.7 

1.26 

3.18 

1.89 

99.7 

51 

6.46 

3.58 

1.49 

^.36 

2.22 

95 
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Time 

Kidl 

K1d2 

Livi 

L1v2 

Liv3 

AoM 

54 

6.96 

4 

1.35 

3.21 

2.88 

104.9 

57 

6.46 

3.61 

1.3 

3.28 

2.27 

109.4 

60 

8.1 

4.67 

1.39 

3.26 

2.94 

100.1 

63 

7.79 

4.35 

1.21 

3.25 

2.58 

99.9 

66 

~ 

3.64 

1.2 

3.47 

2.47 

98 

69 

— 

4.72 

1.01 

2.93 

2.42 

100.4 

72 

8.22 

4.48 

1.52 

3.62 

2.44 

104.6 

75 

7.19 

4 

0.94 

3.03 

1.97 

106 

78 

6.08 

3.19 

1.06 

3.13 

1 

102.9 

81 

7.79 

4.17 

1.01 

2.82 

2.4 

100.8 

84 

7.36 

4.09 

0.88 

2.84 

1 .64 

107.2 

87 

7.22 

3.94 

1.15 

2.95 

1.99 

102.2 

90 

8.05 

4.58 

1.08 

3.06 

2.5 

105 

93 

8.41 

4.6 

1.14 

3.12 

3.48 

97.8 

96 

6.81 

3.93 

0.59 

2.7 

1.58 

102.6 

99 

6.82 

3.55 

0.74 

2.77 

1 .46 

97.1 

102 

7.3 

4.12 

1.15 

2.83 

2.27 

95 

105 

8.06 

4.36 

0.98 

3.36 

2.84 

102.1 

108 

8.14 

4.34 

1.11 

2.99 

1.61 

102 

111 

7.2 

3.69 

0.94 

■  2.68 

1 .74 

95.3 

114 

8.44 

4.82 

1.16 

3.03 

2.36 

104.3 

117 

6.89 

3.91 

0.97 

3.15 

1.82 

101 

120 

8.45 

4.72 

1 

3.13 

2.56 

102.3 

123 

8.24 

4.31 

1.08 

3.01 

3.51 

101.1 

126 

8.03 

3.9 

1.16 

2.88 

4.46 

100 

129 

7.9 

4.1 

1.41 

3.02 

4.38 

95.8 

132 

7.77 

4.29 

1.65 

3.16 

4.29 

91.5 

135 

8.17 

4.46 

1.6 

3.08 

4.44 

95.6 

138 

8.57 

4.62 

1.55 

2.99 

4.59 

99.7 

141 

— 

4.05 

1.44 

3.22 

4.19 

95.3 

144 

— 

3.47 

1.33 

3.45 

3.79 

90.8 

147 

— 

3.83 

1.67 

3.69 

3.86 

93.9 

150 

7.78 

4.18 

2 

3.93 

3.93 

97 

153 

— 

4.45 

2.03 

4.15 

4.84 

98.4 

156 

— 

4.71 

2.05 

4.37 

5.74 

99.9 

159 

— 

4.33 

1.97 

3.77 

100.2 

162 

8.03 

3.95 

1.88 

3.17 

100.6 

165 

7.82 

3.9 

1.98 

3.57 

93.7 

168 

7.6 

3.85 

2.08 

•3.97 

4.33 

86.8 

171 

7.85 

4.09 

2.28 

4.4 

4.  19 

91 .4 

174 

8.09 

4.33 

2.48 

4.82 

4.04 

96.1 

177 

8.16 

4.37 

2.01 

4 

3.51 

95.7 

180 

8.22 

4.4 

1.53 

3.18 

2.98 

95.2 

183 

8.14 

4.46 

1.41 

3.34 

2.65 

90.8 

186 

8.06 

4.52 

1.29 

3.49 

2.32 

86.4 

189 

8.34 

4.54 

1.43 

3.64 

2.43 

88.3 

192 

8.61 

4.56 

1.57 

3.78 

2.53 

90.3 

195 

— 

4.64 

1.53 

3.44 

2.63 

95.6 

198 

~ 

4.72 

1.48 

3.1 

2.72 

100.9 

i 
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Time 

Kldl 

K1d2 

Livl 

LI ‘,2 

L1v3 

AoM 

201 

4.35 

1.59 

3.21 

2.2 

98.4 

204 

7.23 

3.98 

1.69 

3.31 

1.67 

96 

207 

7.41 

4.03 

1.46 

3.33 

1.91 

92.1 

210 

7.58 

4.08 

1.23 

3.34 

2.14 

88.2 

213 

7.33 

4.06 

1.71 

3.34 

2.37 

92.4 

216 

7.07 

4.03 

2.18 

3  M 

2.6 

96.7 

219 

7.11 

4.06 

2.06 

3.75 

2.92 

96.1 

111 

7.14 

4.08 

1.94 

4.16 

3.23 

95.5 

2ZS 

7.36 

4.13 

1 .89 

4.37 

3.21 

94.6 

228 

7.58 

4.17 

1.83 

4.58 

3.19 

93.6 

231 

6.75 

3.89 

1.89 

4.66 

2.78 

92.8 

234 

5.91 

3.61 

1.95 

4.74 

2.36 

92 

237 

6.32 

3.94 

1.81 

3.78 

2.52 

91 .8 

240 

6.73 

4.26 

1.66 

2.81 

2.67 

91.6 

243 

6.78 

4.32 

1.83 

2.82 

2.76 

92.8 

246 

6.82 

4.38 

1.99 

2.82 

2.84 

94 

249 

7.12 

4.48 

1.64 

2.9 

3.15 

91.9 

252 

7.41 

4.57 

1.28 

2.98 

3.45 

89.8 

255 

7.07 

4.31 

1.47 

2.89 

2.87 

89.4 

258 

6.73 

4.04 

1.66 

2.8 

2.28 

89 

261 

6.8 

4.16 

1.56 

2.85 

2.44 

90.8 

264 

6.87 

4.27 

1.46 

2.89 

2.6 

92.7 

267 

7.37 

4.54 

1 .44 

3.02 

3.15 

88.8 

270 

7.87 

4.8 

1.41 

3.14 

3.69 

84.8 

273 

7.32 

4.43 

1 .38 

3.08 

3.21 

88.2 

276 

6.77 

4.05 

1 .35 

3.01 

2.72 

91.5 

279 

7.28 

4.31 

1.23 

3.1 

2.64 

88.1 

282 

7.78 

4.56 

1.11 

3.19 

2.56 

84.7 

285 

7.42 

4.35 

1.34 

3.3 

2.25 

87.3 

288 

7.05 

4.13 

1.56 

3.4 

1.93 

89.9 

291 

6.19 

3.66 

1.36 

3.24 

1.77 

92.5 

294 

5.32 

3.18 

1.15 

3.08 

1.6 

95.1 

297 

6.16 

3.71 

1.26 

3.1 

1.73 

90.4 

300 

7 

4.23 

1.37 

3.11 

1.85 

85.8 
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GILT  #2957  25  jig/kg  MCYST-A  1v 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kldl  «  kidney  perfusion  measured  from  1  TPD  (temperature  pulse  decay)  probe  In 
ml /min  gm. 

Livl,  L1v2,  L1v3,  and  L1v4  -  liver  perfusion  measured  from  4  TPD  probes  In 
ml /min  gm. 

AoM  -  aortic  mean  pressure  In  mmHg. 

~  -  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  129-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  126  and  132 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Livl 

Llv2 

Llv3 

LI  v4 

AoM 

-27 

5.03 

2.23 

1.82 

2.39 

5.26 

122.3 

-24 

5.83 

1.67 

2.55 

1.39 

6.39 

122.4 

-21 

5.8 

2.7 

.2.54 

1.75 

6.37 

123.9 

-18 

5.53 

2.31 

2.52 

1.91 

6.48 

123.4 

-15 

7.22 

1.76 

1.51 

1.24 

4.07 

120.6 

-12 

5.75 

2.33 

2.54 

3.48 

6.67 

123.9 

-9 

5.02 

2.27 

2.18 

3.86 

5.25 

126.1 

-6 

4.19 

2.24 

2.29 

2.53 

5.17 

121.3 

-3 

5 

2.39 

2.42 

1.65 

5.47 

118.3 

0 

4.35 

2.32 

2.64 

2.36 

6.39 

118.4 

3 

4.82 

2.2 

2.22 

2.67 

5.37 

121.3 

6 

4.19 

1 .64 

1.06 

3.52 

3.7 

115.3 

9 

2.53 

2.03 

1.24 

3.31 

3.94 

113.4 

12 

2.65 

1.88 

1.96 

0.62 

4.16 

112.6 

15 

4.1 

2.58 

2.47 

3.09 

5.37 

112.6 

18 

3.14 

1 .84 

1.99 

2.02 

4.73 

113.1 

21 

4.45 

2.08 

1.78 

4.29 

5.07 

111.8 

24 

4.14 

2.57 

2.54 

2.81 

5.47 

111.5 

27 

4.01 

1.81 

1.56 

3.23 

3.83 

106.7 

30 

4.88 

2.24 

2.34 

2.02 

5.22 

103.1 

33 

5.77 

2.35 

2.29 

3.29 

5.37 

101.6 

36 

4.5 

2.15 

2.16 

2.23 

3.94 

104.9 

39 

3.84 

2.07 

2.19 

3.06 

4.65 

101.1 

42 

3.25 

1.88 

1.8 

1.43 

4.01 

97.2 

45 

4.36 

1.91 

1.94 

3.2 

4.27 

95.5 

48 

3.66 

1.43 

1.83 

2.07 

4.06 

93.2 

..  1 


-  223  - 


Kidl 


Time 


51 

54 

57 

60 

63 

66 

69 

72 

75 

78 

81 

84 

87 

90 

93 

96 

99 

102 

105 

108 

111 

114 

117 

120 

123 

126 

129 

132 

135 

138 

141 

144 

147 

150 

153 

156 

159 

162 

165 

168 

171 

174 

177 

180 

183 

186 

189 

192 

195 


3.61 

4.61 
3.03 
3.99 

2.55 
4.02 
3 

2.48 

3.81 

3.53 

2.88 

2.87 

2.25 

2.9 

1.75 

2.4 
1.39 

1.94 

1.6 

1 .94 

1.18 

1.23 
0.82 


1.5 

1.7 

1.9 

1.89 

1.87 

1.54 

1 .2 


3.21 

2.49 

3.09 


Livl 

2.62 
1.87 

2.32 
1.86 
1.7 

1.66 
1 .38 
1.57 
1.68 

1 . 18 
2.02 
2.31 
2.14 

1.77 
1.97 
1.38 

2.19 
1.61 
1.59 

1 .35 

1.62 
1.79 

1.5 

1.63 

1.78 

1.93 

1.75 

1.56 

1.66 

1.76 
2.09 
2.42 
2.16 
1.89 
1.84 

1.79 

2.23 

2.66 

2.08 

1.5 


1.37 
1 .89 

1.9 

1.95 


Llv2 

2.89 

1.84 

1.73 

2.08 

2.32 

1.96 

1.76 

1.91 

1.56 
1.75 

2.2 
1.8 
2.07 
1.83 
2.72 
2.41 

2.92 

2.27 
1.62 

1.25 

1.94 

2.26 

1.68 

2.33 

2.26 
2.18 
1.97 
1.75 
2.39 
3.02 

3.36 
3.7 
3.04 

2.37 
2.49 
2.61 
2.51 
2.41 

2.23 
2.05 


3.03 

1.89 

2.43 

2.38 


L1v3 

2.12 

2.33 

2.11 

2.68 

2.84 

3.85 
1.99 
2.03 

2.43 

1.69 
2.73 

4.69 
3.04 

2.79 

2.27 
1.52 
1 .82 

2.25 
2.55 

1.43 

2.23 

2.3 
1.35 

1.34 
1.81 

2.27 

1 .84 

1.4 

2.41 

3.42 

3.84 

4.25 
4.03 
3.81 
3.54 

3.26 


2.63 


2.21 

2.25 


L1v4 


4.86 

4.41 

4.05 

4.55 

4.95 

4.43 

4.08 

4.14 

4.32 

3.91 

4.9 

4.02 

4.6 

3.94 

4.94 
4.11 
5 

3.93 

3.38 

2.68 

4.05 

4.05 

3.66 

4.05 

4.04 

4.02 

3.96 

3.9 

4.3 

4.69 

5.37 

6.05 

5.05 

'•.04 

4.52 

4.99 

4.42 

3.85 

3.78 

3.71 


4.57 

3.07 

4.59 

4.44 


AoM 

95.8 

99.1 

97.4 

96.1 
89.6 
84 

•85.2 

86.8 

86.2 

87.5 

85.3 

85.3 

87.9 
89 

92.3 
91 .8 

90.2 

89.2 

89.5 

86.5 

86.6 
86.5 

83.2 

86.5 

85.1 

83.7 

85.6 
87.5 

87.2 

86.9 
85.05 

83.2 

83.95 

84.7 
86.35 
88 

87.7 

87.4 

86.3 
85.2 


93.1 

88.5 

87.45 
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Time 

Kidl 

Livl 

Liv2 

L1v3 

LW4 

AoM 

198 

3.68 

1.99 

2.32 

2.31 

4.29 

86.4 

201 

3.9 

2.15 

2.43 

3.72 

4.06 

85.7 

204 

4.11 

2.31 

2.54 

5.13 

3.83 

85 

207 

4.1 

2.09 

1.76 

4.16 

3.87 

86.25 

210 

4.08 

1.87 

0.97 

3.18 

3.9 

87.5 

213 

4 

1.9 

1.07 

3.03 

3.65 

90.95 

216 

3.92 

1.93 

1.16 

2.87 

3.4 

94.2 

219 

3.9 

1.95 

0.99 

2.43 

3.75 

94.85 

222 

3.87 

1.96 

0.82 

1.98 

4.09 

95.5 

225 

3.48 

2 

0.73 

2.48 

3.9 

95.2 

228 

3.09 

2.04 

0.63 

2.98 

3.7 

94.9 

231 

3.5 

2.14 

0.8 

2.84 

3.74 

93.8 

234 

3.91 

2.23 

0.97 

2.69 

3.78 

92.7 

237 

3.69 

2.16 

1.47 

2.63 

3.73 

91.1 

240 

3.46 

2.09 

1.97 

2.57 

3.68 

89.5 

243 

3.78 

2.07 

2.14 

2.77 

4.05 

89.1 

246 

4.09 

2.05 

2.31 

2.97 

4.42 

88.7 

249 

3.7 

1 .84 

2.12 

2.91 

3.89 

89.1 

252 

3.3 

1 .63 

1.92 

2.85 

3.35 

89.5 

255 

3.4 

1.79 

2.23 

2.34 

3.49 

89.8 

258 

3.5 

1 .94 

2.54 

1.82 

3.63 

90.1 

261 

3.6 

2.02 

2.42 

2.11  • 

3.9 

90.05 

264 

3.69 

2.1 

2.29 

2.4 

4.16 

90 

267 

3.36 

1.92 

2.14 

2.04 

4.02 

90.65 

270 

3.02 

1.73 

1.98 

1  fi8 

3.38 

91.3 

273 

2.8 

1.81 

2.55 

2.  i8 

3.94 

89.45 

276 

2.58 

1.88 

3.12 

2.68 

4 

87.6 

279 

2.89 

1.79 

1.62 

2.33 

3.24 

87.95 

282 

3.19 

1.69 

0.12 

1.97 

2.48 

88.3 

285 

3.42 

1.95 

0.29 

2.1 

3.11 

90.4 

288 

3.64 

2.21 

0.46 

2.22 

3.73 

92.5 

291 

3.03 

1.83 

0.42 

1.61 

3.44 

92.5 

294 

2.42 

1 .44 

0.37 

0.99 

3.14 

92.5 

297 

2.51 

1.69 

0.62 

1 .22 

3.44 

89.45 

300 

2.6 

1.94 

0.87 

1 .45 

3.74 

86.4 
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GILT  #3080  25  Mg/kg  MCYST-A  iv 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  and  K1d2  «  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  In  ml /min  gm. 

Llvl,  L1v2,  L1v3,  and  L1v4  -  liver  perfusion  measured  from  4  TPD  probes  in 
ml/mln  gm. 

AoM  ■  aortic  mean  pressure  In  mmHg. 

—  »  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-mtnute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  132-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  129  and  135 


minutes . 
pressure 

Six 

were 

-minute  means  for  hepatic  and  renal 
calculated  from  this  raw  data. 

perfusion 

and  arterial 

1  mean 

Time 

Kidl 

K1d2 

Llvl 

L1v2 

L1v3 

L1v4 

AoM 

-27 

3.72 

4.52 

2.69 

1.55 

1.24 

104.2 

-24 

4.27 

4.79 

1.88 

1.38 

1.98 

107.3 

-21 

3.49 

4.09 

2.66 

1 .48 

1.97 

104.8 

-18 

3.13 

4.1 

4.13 

1.36 

1 .06 

1 .46 

106.9 

-15 

2.79 

3.6 

3.94 

1.43 

0.47 

0.93 

110.9 

-12 

3.16 

3.63 

4.11 

1.95 

1.18 

1 .7 

105.4 

-9 

3.68 

4.07 

4.72 

1.71 

0.84 

1.69 

110.6 

-6 

2.85 

3.83 

3.27 

1.28 

0.89 

1.92 

109.1 

-3 

3.27 

3.56 

3.91 

0.82 

0.91 

1.09 

109.1 

0 

3.65 

4.02 

4.7 

2.76 

1.55 

1.81 

109.3 

3 

3.63 

4.22 

4.77 

1.73 

1 .03 

1.65 

113.2 

6 

3.59 

4.17 

4.26 

1.09 

1 .29 

1.34 

110.4 

9 

3.26 

3.53 

4.32 

1.62 

0.86 

1 .77 

111.7 

12 

3.01 

3.68 

3.35 

0.84 

1 .46 

107.9 

15 

3.57 

4.01 

4.12 

1.79 

1.62 

1.62 

105.2 

18 

2.46 

2.96 

2.75 

2.81 

2.15 

1.36 

101  .2 

21 

3.12 

3.95 

3.55 

2.1 

1.32 

1.07 

100.6 

24 

2.01 

2.69 

2.15 

2.02 

1.76 

1.08 

101.5 

27 

3.17 

4.13 

3.37 

2.78 

1.55 

0.52 

101.5 

30 

3.24 

3.72 

3.68 

1.51 

0.42 

0.63 

99.5 

33 

:  .85 

4.43 

5.34 

2.2 

0.84 

0.69 

96 

36 

1.54 

2.07 

1.99 

0.11 

0.36 

0.87 

97 

39 

3.87 

4.57 

4.7 

2.91 

1.57 

1 .2 

97.9 

42 

3.4 

4.16 

4.26 

1.58 

0.97 

0.97 

94.9 

45 

3.02 

3.61 

3.66 

2.29 

0.97 

0.92 

94.6 

48 

4.78 

4.96 

— 

0.65 

— 

0.89 

94.5 
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Time 

Kidl 

K1d2 

Llvl 

51 

3.54 

3.98 

4.45 

54 

2.14 

2.63 

2.49 

57 

3.56 

3.9 

4.76 

60 

3.j9 

4.21 

4.6 

63 

2.46 

3.4 

3.18 

66 

3.54 

4.14 

3.55 

69 

3.71 

4.08 

4.71 

72 

2.84 

2.11 

4.02 

75 

2.98 

3.35 

3.35 

78 

3.07 

3.47 

3.97 

81 

3.75 

3.74 

4.63 

84 

3.38 

3.8 

4.14 

87 

2.85 

3.46 

3.34 

90 

1.86 

2.58 

1.78 

93 

2.61 

3.66 

4.2 

96 

1.98 

3.43 

1.86 

99 

... 

102 

2.76 

3.78 

3.55 

105 

2.93 

3.63 

3.84 

108 

3.34 

3.94 

4.48 

111 

3.35 

4.2 

4.22 

114 

1.55 

1 .73 

1.76 

117 

3.37 

3.42 

4.75 

120 

2.85 

2.91 

4.52 

123 

2.96 

3.37 

4.44 

126 

3.06 

3.82 

4.35 

129 

3.27 

3.97 

4.2 

132 

2.48 

3.11 

3.32 

135 

1.69 

2.25 

2.43 

138 

2.29 

2.87 

2.91 

141 

2.88 

3.49 

3.38 

144 

3.1 

3.43 

3.81 

147 

3.32 

3.36 

4.23 

150 

2.71 

2.82 

3.71 

153 

2.09 

2.27 

3.18 

156 

2.08 

2.32 

2.91 

159 

2.06 

2.36 

2.63 

162 

2.09 

2.2 

2.31 

165 

2.12 

2.04 

1.99 

168 

1.85 

2.33 

2.08 

171 

1.59 

2.62 

2.16 

174 

2.16 

2.95 

2.66 

177 

2.73 

3.28 

3.16 

180 

2.34 

2.59 

3.07 

183 

1.95 

1.89 

2.97 

186 

2.15 

2.22 

3.33 

189 

2.34 

2.55 

3.69 

192 

2.28 

2.5 

3.62 

195 

2.21 

2.45 

3.54 

Llv2 

L1v3 

Li  v4 

AoM 

1.12 

0.75 

1.09 

95.1 

1.09 

0.43 

0.99 

92.7 

1.52 

0.91 

1.55 

89.6 

1.86 

0.84 

0.84 

90.6 

0.95 

0.49 

0.63 

89 

2.53 

1.47 

0.77 

90.3 

2.49 

1.02 

0.67 

89 

1.29 

0.56 

0.87 

09.9 

1.74 

1.23 

0.71 

90 

1.46 

0.57 

0.77 

90.2 

1.36 

0.6 

0.63 

89.1 

0.98 

0.85 

0.64 

85.8 

1.1 

0.36 

0.25 

83.5 

1.87 

1.38 

0.47 

80.9 

0.34 

0.1 

0.42 

63.2 

0.75 

0.46 

0.57 

65.8 

1.37 

0.81 

0.43 

76.4 

1 .44 

0.85 

0.38 

76 

1.24 

0.5 

0.47 

81.9 

1.41 

0.67 

0.25 

84.9 

1.^6 

0.95 

0.39 

88.4 

1.64 

0.83 

0.26 

72.7 

1.13 _ 

. 0.4 

0.44 

78.8 

0.52 

0.05 

0.63 

78.1 

1.04 

0.52 

0.55 

79.8 

1 .55 

0.99 

0.47 

31 .4 

1.07 

0.67 

0.6 

85.7 

0.73 

0.58 

0.68 

84.3 

0.38 

0.48 

0.76 

82.8 

1.01 

0.8 

0.48 

81.7 

1.63 

1.12 

0.16 

80.6 

1.52 

0.79 

0.16 

80.5 

1.4 

0.45 

0.16 

80.4 

0.94 

0.32 

0.35 

76.3 

0.47 

0.19 

n.54 

72.3 

1.05 

0.58 

0.37 

73 

1.63 

0.96 

0.19 

73.7 

1.69 

1.02 

0.2 

72.5 

1.74 

1.07 

0.21 

71.3 

1.38 

1.14 

0.29 

78.3 

1.01 

1.21 

0.37 

85.4 

1.17 

1.15 

0.37 

86.2 

1.32 

1.09 

0.36 

86.9 

1.12 

0.66 

0.48 

79.4 

0.91 

0.22 

0.59 

71.9 

0.98 

0.32 

0.48  ■ 

73.5 

1.04 

0.41 

0.36 

75.1 

1.34 

0.49 

0.49 

75.4 

1 . 64 

0.56 

0.62 

75.7 

CSiJliiBIUBBI 
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Time 

Kldl 

Kld2 

Livl 

Llv2 

L1v3 

Li  v4 

AoM 

198 

1.71 

1.78 

2.9 

1.03 

0.37 

0.62 

71.6 

201 

1.2 

1.1 

2.26 

0.41 

0.18 

0.62 

67.4 

204 

1.54 

1 .49 

2.66 

0.76 

0.3 

0.58 

68.1 

207 

1.88 

1.88 

3.06 

1.1 

0.41 

0.54 

68.7 

210 

1.46 

1.34 

2.1 

0.86 

0.3 

0.51 

68.2 

213 

1 .06 

0.8 

1.14 

0.61 

0.19 

0.48 

67.6 

216 

1.23 

1 

1.76 

0.88 

0.2 

0.43 

66.3 

219 

1.42 

1 .2 

2.38 

1.15 

0.21 

0.37 

64.9 

222 

1  .44 

1 .24 

2.29 

1.18 

0.44 

0.4 

72.1 

225 

1.45 

1.27 

2.2 

1.21 

0.66 

0.43 

79.3 

228 

1.58 

1 .41 

2.19 

1.21 

0.51 ' 

0.37 

77.9 

231 

1.71 

1.55 

2.17 

1.2 

0.36 

0.3 

76.5 

234 

1.95 

1.86 

2.34 

1.32 

0.47 

0.35 

76.3 

237 

2.18 

2.16 

2.5 

1.43 

0.57 

0.4 

76.1 

240 

1.87 

1.83 

2.33 

1.11 

0.29 

0.3 

73.4 

243 

1.56 

1 .49 

2.16 

0.79 

0 

0.19 

70.7 

246 

1.5 

1.27 

2.09 

0.8 

0.07 

0.3 

70.1 

249 

1.43 

1 .05 

2.01 

0.8 

0.13 

0.4 

69.5 

252 

1.25 

0.98 

1.77 

1.06 

0.37 

0.42 

67.1 

255  ■ 

1 .06 

0.9 

1.52 

1.32 

0.6 

0.43 

64.7 

258 

1.15 

0.68 

1.5 

1.09 

0.43 

0.53 

63 

261 

1.23 

0.46 

1.48 

0.85 

0.35 

0.63 

61 .2 

264 

1.39 

0.93 

1.83 

1 .09 

0.53 

0.61 

64.5 

267 

1  .55 

1.39 

2.17 

1.32 

0.7 

0.58 

67.8 

270 

1.42 

1.18 

1.88 

1.17 

0.63 

0.48 

69 

273 

1 .28 

0.97 

1.59 

1 .01 

0.56 

0.37 

70.2 

276 

1.32 

1.08 

2.05 

0.87 

0.38 

0.38 

70.7 

279 

1.35 

1.19 

2.5 

0.73 

0.19 

0.38 

71.1 

282 

1 .26 

1 .23 

2.37 

0.83 

0.17 

0.41 

70.2 

285 

1.17 

1 .27 

2.23 

0.92 

0.14 

0.43 

69.3 

288 

1.41 

1.17 

2.43 

0.9? 

0.3 

0.58 

69.2 

291 

1.64 

1.07 

2.62 

1.01 

0.45 

0.72 

69 

294 

1.52 

1.18 

2.33 

0.82 

0.35 

0.62 

69.2 

297 

1.39 

1 .28 

2.04 

0.62 

0.24 

0.52 

69.3 

300 

1.37 

1.1 

2.15 

0.78 

0.52 

0.62 

71.9 
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GILT  #3312  25  ng/kg  MCYST-A  Iv 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl,  K1d2,  and  K1d3  ■  kidney  perfusion  measured  f'^om  3  (temperature  pulse 
decay)  probes  In  ml /min  gm. 

Livl  and  L1v2  ■  liver  perfusion  measured  from  2  IPO  prob?s  in  ml/mln  gm, 

AoM  -  aortic  mean  pressure  in  mmHg. 

—  ■«  data  not  available. 

Note:  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  120  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  120  to  300  minutes  are  means  of  the  2  closest 
6-m1nut3  values.  Example:  The  129-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  126  and  132 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

kid! 

kid2 

kid3 

Livl 

Liv2 

AoM 

-27 

5 

5.5 

4.85 

2.43 

1.37  . 

116.7 

-24 

5.27 

5.89 

5.58 

“  2.68 

1.54 

123.9 

-21 

4.98 

5.68 

5.21 

2.7 

1.26 

124.2 

-18 

4.93 

6.05 

4.93 

2.71 

1.68 

119 

-15 

5.08 

5.98 

5.39 

2.84 

1.64 

124.5 

-12 

5.31 

6.09 

5.32 

2.86 

1.96 

132.1 

-9 

5.48 

6.48 

5.65 

2.77 

1.88 

118.6 

-6 

5.5 

6.28 

5.47 

2.89 

1.93 

125.9 

-3 

5.16 

5.97 

5.33 

2.65 

1 .44 

126.1 

0 

4.88 

5,78 

4.77 

2.41 

1.29 

119.9 

3 

5.09 

5.94 

5.35 

2.32 

0.89 

122.3 

6 

5.34 

6.37 

6.41 

2.45 

1.13 

119.6 

9 

6.06 

6.58 

6.22  ' 

2.39 

2.37 

121.4 

12 

5.37 

6.3 

5.56 

2.48 

1.14 

117.4 

15 

6.6 

6.89 

7.15 

1.3 

1.72 

110.7 

IS 

5.47 

6.39 

5.59 

1.56 

1.99 

107.8 

21 

5.68 

6.49 

5.76 

1.19 

1.22 

98.2 

24 

5.01 

5.65 

5.21 

1.06 

1.77 

97.6 

27 

6.5 

6.56 

7.03 

o.':n 

1.7 

96.6 

30 

4.53 

5.17 

4.25 

0.58 

0.55 

95.2 

33 

5.57 

6 

5.98 

1.04 

2 

94.1 

36 

4.97 

5.19 

5.03 

1-32 

2.13 

94.4 

39 

5.04 

5.86 

5.38 

1.17 

2.29 

93.9 

42 

3.14 

3.9 

3.53 

0.79 

0 

92 

45 

4.44 

6.23 

4.59 

1.43 

1.6 

98.7 

48 

4.16 

5.77 

3.04 

1.21 

2.62 

93.3 

51 

3.5 

4.81 

4.66 

0.85 

1.46 

93.4 
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Time 

Kidl 

Kid2 

Kid3 

Livl 

L1v2 

AoM 

54 

3.47 

4.6 

4.59 

0.56 

1.21 

92.7 

57 

3.49 

5.04 

4.49 

1.04 

0.99 

93.1 

60 

2.85 

4.56 

3.97 

1.39 

2.86 

92.8 

63 

3.96 

5.49 

5.23 

1.37 

1.8 

93.5 

66 

1.33 

1.08 

92.7 

69 

4.45 

5.59 

5.23 

1.3 

2.65 

90.5 

72 

4.09 

5.61 

5.92 

1.09 

— 

89.8 

75 

3.6 

4.88 

4.59 

1.28 

2.97 

90.2 

78 

4.07 

5.5 

5.1 

1.25 

2.42 

95.6 

81 

3.9 

5.24 

4.92 

1.38 

2.39 

96.2 

84 

4.17 

5 

4.95 

1.26 

2.41 

94.3 

87 

2.8 

3.56 

3.25 

1.07 

2.09 

93.1 

90 

3.69 

4.68 

3.74 

1.64 

2.2 

86.9 

93 

4.5 

5.49 

3.76 

1.95 

0.86 

87.3 

96 

3.18 

4.22 

3.22 

1.07 

1.79 

80.3 

99 

3.33 

4.25 

3.56 

1.15 

1 

81 .7 

102 

2.92 

3.74 

3.04 

1.44 

1.58 

81.3 

105 

3.04 

3.86 

3.54 

1 .48 

1.39 

80.8 

108 

3.61 

4.08 

3.34 

1.39 

2.77 

79.9 

111 

2.26 

— 

2.16 

1.31 

1.89 

81.7 

114 

4.61 

5.45 

3.74 

2.44 

5.73 

84.2 

117 

2.26 

2.61 

2.47 

1.12 

3.91 

79.7 

120 

3.36 

4.12 

4.12 

1.14 

4.44 

79.4 

123 

2.82 

3.87 

j.76 

1.08 

5.91 

76.8 

126 

2.27 

3.61 

3.39 

1.01 

7.37 

74.2 

129 

2.61 

3.47 

3.16 

1.08 

7.13 

75.3 

132 

2.94 

3.33 

2.93 

1.15 

6.88 

76.4 

135 

2.95 

3.49 

2.93 

0.97 

5.73 

75.9 

138 

2.95 

3.64 

2.93 

0.78 

4.58 

75.4 

141 

3.2 

3.51 

2.89 

0.77 

77.1 

144 

3.45 

3.38 

2.84 

0.76 

78.7 

147 

•  3.07 

3.35 

2.78 

0.95 

78.2 

150 

2.68 

3.32 

2.72 

1.13 

4.7 

77.6 

153 

2.93 

3.53 

2.9 

0.91 

4.28 

76.4 

156 

3.18 

3.74 

3.08 

0.69 

3.85 

75.2 

159 

— 

3.3 

— - 

0.72 

4.3 

74.2 

162 

— 

2.85 

— • 

0.75 

4.75 

73.2 

165 

— 

2.39 

0.73 

— 

71.6 

168 

2.09 

1.92 

2.63 

0.71 

~ 

70 

171 

2.33 

2.54 

2.41 

0.74 

— 

72.3 

174 

2.56 

T.15 

2.19 

0.76 

5.14 

74.6 

177 

1.9 

M  7 

1.56 

0.88 

4.15 

72.8 

180 

1 .24 

1.19 

0.93 

1 

3.16 

71.1 

183 

1.33 

1  .57 

1.11 

1.01 

3.24 

70.2 

186 

1 .41 

1 .94 

1.28 

1.01 

3.31 

69.2 

189 

1  5^ 

1.91 

1.44 

1.16 

3.78 

69.3 

192 

1.66 

1.87 

1.59 

1.3 

4.25 

69.3 

195 

1.42 

1.62 

1.9 

1.22 

4.57 

69.9 

198 

1.18 

1.36 

2.21 

1.14 

4.88 

70.5 
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T’me 

Kidl 

K1d2 

K1d3 

Livl 

Llv2 

AoM 

201 

1.27 

1.55 

2.11 

1.14 

4.81 

69.6 

204 

1.36 

1 .74 

2.01 

1.13 

4.73 

68.6 

207 

1.73 

2.25 

2.4 

1.15 

5.32 

68.1 

210 

2.1 

2.76 

2.78 

1.16  V 

5.9 

67.5 

213 

1 .87 

2.51 

2.13 

1.21 

5.43 

67.9 

216 

1.64 

2.25 

1.47 

1.25 

4.96 

68.3 

219 

1.84 

2.3 

1.81 

1 .21 

4.66 

68.6 

222 

2.03 

2.34 

2.15 

1.16 

4.35 

68.9 

225 

1.77 

2.3 

-- 

1.23 

4.38 

68.3 

228 

1.5 

2.26 

— 

1.29 

4.41 

67.8 

231 

1.73 

2.33 

... 

1.33 

4.89 

68.8 

234 

1.96 

2.39 

2.32 

1.37 

5.36 

69.7 

237 

2.36 

2.37 

2.71 

1.3 

5.12 

70.6 

240 

2.76 

2.35 

3.1 

1.23 

4.88 

71.4 

243 

2.37 

2.71 

2.93 

1.3 

4.8 

70.7 

246 

1.98 

3.07 

2.76 

1.37 

4.72 

69.9 

249 

2.06 

2.97 

2.89 

1.34 

— 

68.4 

252 

2.14 

2.87 

3.02 

1.3 

66.9 

255 

2.35 

3.1 

3.08 

1.31 

— 

69.2 

258 

2.56 

3.33 

3.13 

1.31 

4.1 

71.4 

2CI 

2.46 

3.07 

3.04 

1 .48 

4.4 

69.3 

264 

2.36 

2.81 

2.95 

1.65 

4.7 

67.2 

267 

2.29 

2.84 

2.84 

1.56 

4.62 

67.3 

270 

2.21 

2.86 

2.73 

1.47 

4.53 

67.3 

273 

2.19 

2.68 

2.77 

1.53 

4.91 

66.8 

276 

2.16 

2.49 

2.8 

1.58 

5.28 

66.4 

279 

2.26 

2.7 

3.11 

1.78 

5.28 

67.6 

282 

2.36 

2.9 

3.42 

1 .97 

5.28 

68.7 

285 

2.34 

2.93 

3.25 

1.9 

5.69 

68.2 

288 

2.31 

2.96 

3.07 

1.82 

6.1 

67.7 

291 

2.28 

2.85 

2.94 

1.84 

5.09 

70.7 

294 

2.24 

2.73 

2.81 

1.86 

4.07 

73.7 

297 

2.43 

3.02 

3.18 

1.83 

4.11 

75.5 

300 

2.61 

3.31 

3.54 

1.8 

4.14 

77.3 
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GILT  #2896  72  pg/kg  MCYST-A  iv 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Klal,  <1d2,  and  K1d3  ■  kidney  perfuslor  measured  from  3  TPO  (temperature  pulse 
decay)  probes  In  ml /min  gm. 

Livl,  L1v2  and  L1v3  -  liver  perfusion  measured  from  3  TPD  probes  In  ml /min  gm. 
AoM  -  aortic  mean  pressure  in  mmHg. 

—  -  data  not  available. 


Note:  Six-minute  means  for  hepatic 

pressure  were  calculated  from  this  raw 

and  renal 
data. 

perfusion 

and  arterial 

mean 

Time 

Kidl 

Kid2 

Kid3 

Livl 

Liv2 

Liv3 

AoM 

-27 

4.69 

5.84 

3.81 

5.32 

4.19 

104.5 

-24 

5.02 

4.91 

— 

4.75 

3.06 

112.9 

-21 

4.18 

5.18 

2.7 

4.37 

2.99 

113.7 

-18 

3.79 

4.56 

5.11 

3.91 

4.79 

3.02 

104.6 

-15 

2.66 

4.2 

4.1 

3 

5.5 

■  3.02 

101.1 

-12 

2.6 

4.35 

5.75 

3.72 

4.6 

2.31 

101.4 

-9 

2.37 

4.23 

— 

2.81 

4.8  . 

_  3.1  ^  - 

100.3 

-6 

3.37 

5.21 

4.95 

5.19 

4.2 

103.2 

-3 

1 .92 

3.12 

3.56 

2.88 

3.05 

1.6 

99 

0 

3.44 

5.39 

6.31 

3.15 

5.25 

3.49 

102.4 

3 

3.18 

5.16 

5 

3.11 

4.84 

3.02 

107.9 

6 

3.21 

5.16 

5.62 

2.4 

3.49 

1.96 

105.7 

9 

2.93 

4.73 

4.2 

2.81 

3.98 

2.4 

101.7 

12 

3.27 

5.4 

7.19 

3.84 

3.6 

3.6 

100.3 

15 

2.86 

4.82 

3.71 

2.66 

3.75 

1.8 

96.4 

18 

2.53 

3.8 

3.3 

2.22 

3.23 

1.77 

96.3 

21 

3.86 

6.78 

7.94 

3.67 

3.92 

3.64 

98.9 

24 

2.97 

.  4.56 

7.35 

2.79 

3.04 

3.16 

97.8 

27 

3.05 

5.27 

6.43 

2.65 

2.61 

2.24 

99.6 

30 

3.88 

6.15 

7.09 

2.86 

3.02 

1.9 

100.2 

33 

2.77 

4.45 

6.41 

2.71 

1.88 

1 .27 

99 

36 

2.97 

5.02 

6.78 

2.9 

2.07 

1.55 

101  .8 

39 

2.55 

5.05 

4.72 

1.82 

1.37 

0.47 

98.8 

42 

3.44 

5.74 

7.01 

1.1 

2.52 

1.18 

99.1 

45 

3.21 

6.01 

5.12 

2.79 

1 .47 

0.89 

100 

48 

2.77 

4.42 

6 

2.86 

1.83 

1 .24 

103.7 

51 

2.82 

3.74 

5.89 

1.19 

1.79 

0.53 

106.3 

54 

2.9 

4.42 

4.87 

0.9 

1.37 

0.16 

103.5 

57 

3.09 

4.82 

5.27 

1.37 

1.14 

0.39 

102.6 

60 

3.04 

5.42 

4.41 

1.09 

1.18 

0.88 

103.6 

63 

2.01 

2.88 

3.7 

1.24 

1.07 

0.72 

96.9 

66 

— 

~ 

89.9 
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Time  Kidl _ !ad2 _ <id3 _ UvJ _ Uv2 _ Uv3 _ AoM 

69  1.33  3.13  —  0.17  0.41  0.5  91 

72  0.92  —  —  0.03  0.14  0  83 

75  —  —  —  0  0.15  0.09  75.1 

78  1.6  3.18  —  0.07  0.14  0.47  65.9 

81  1.56  2.66  —  0.12  0.14  0.26  65 

84  —  —  0.67  —  0.17  0.07  58.7 

87  —  —  6.29  0.49  0.1  0.11  62.3 

90  0  0  0.16  0  0.16  0.07  56.5 

93  0.11  0.06  0.44  0.09  0.04  0  61.5 

96  —  —  —  0  0.07  0  63.6 

99  0.72  1.2  2.31  0.03  0.2  0.12  59.5 

102  1.19  2.04  3.45  0.3  0.16  0.07  62.9 

105  0.43  0.58  3.2  0  0.13  0.03  61.1 

108  —  —  —  0  0.06  0  56.7 

111  0.58  —  —  0  0.03  0  59.3 


114 

... 

— 

0.5 

0.06 

0.03 

59.5 

117 

0.28 

0 

1.89 

0 

0.09 

0 

54.3 

120 

0.62 

0.6 

1.57 

0.12 

0 

0 

51.9 

123 

0.03 

— 

0.73 

0 

0.09 

0 

51 .2 

126 

0 

— 

0.68 

0 

0 

0 

51.1 

129 

0.52 

0 

0.67 

0 

0 

0 

50.2 

132 

0.85 

0.65 

1.43 

0.11 

0 

0 

51 

135 

— 

0 

0 

0 

50 

138 

0.04 

0.5 

0 

0 

0 

51.5 

141 

0.41 

0 

0.49 

0 

0 

0 

50.6 

144 

0.05 

0 

0.23 

0 

0.04 

0 

50.4 

147 

0.73 

0 

1.11 

0 

0 

0 

50.8 

150 

0.06 

0.49 

0.27 

0.03 

0 

0 

48.6 

153 

0 

0.42 

0.24 

0.09 

0 

0 

48 

156 

0 

0.52 

0.34 

0.06 

0 

0 

46.7 

159 

0 

0.07 

0 

0 

0 

0 

48.3 

162 

0.13 

0.5 

0.17 

0 

0 

0 

52.3 

165 

0 

0.38 

0 

0.15 

0 

0 

53.2 

168 

0 

0.57 

0 

0 

0 

0 

50.9 

171 

0 

0 

0.02 

0 

0 

0.05 

51.8 

174 

0.27 

0 

0 

0 

0.02 

0.09 

47.1 

177 

0 

0 

0 

0 

0 

0 

32.6 

180 

0 

0 

0 

0 

0.06 

0 

23.1 
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GILT  #3015  72  iig/kg  MCYST-A  1v 

Time  -  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl,  K1d2,  and  K1d3  ■  kidney  perfusion  measured  from  3  TPD  (temperature  pulse 
decay)  probes  In  ml /min  gm. 

Livl,  L1v2,  and  Llv3  -  liver  perfusion  measured  from  3  TPD  probes  In  ml /min  gm. 
AoM  -  aortic  mean  pressure  In  mmHg. 

—  »  data  not  aval  Table. 

Note:  Slx-mlnute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Kld2 

Kid3 

Livl 

L1v2 

L1v3 

AoM 

-27 

4.81 

4.87 

6.94 

1 .95 

5.18 

111.3 

-24 

4.98 

5.35 

6.83 

2.07 

5.15 

5.58 

111.9 

-21 

4.37 

4.38 

— 

2.09 

4.77 

3.99 

112.6 

-18 

— 

— 

— 

2.41 

5.5 

-15 

4.13 

4.18 

6.95 

2.11 

4.04 

4.43 

117.3 

-12 

5.04 

5.48 

7.05 

2.36 

5.28 

5.49 

105.1 

-9 

4.84 

5.27 

6.88 

2.05 

5.34 

4.94 

110.8 

-6 

5.  38 

4.98 

6.79 

2.14 

5.19 

4.53 

113.2 

-3 

— 

— 

— 

2.19 

5.05 

5.04 

0 

4.79 

4.37 

7.16 

2.26 

5.72 

6.58 

120.3 

3 

4.91 

5.31 

7 

1.87 

5.41 

4.84 

117.1 

6 

4.92 

4.95 

6.11 

1.79 

4.69 

4.28 

115.9 

9 

4.8 

4.81 

6.64 

1.86 

4.21 

4.36 

116.3 

12 

4.55 

4.53 

6.31 

1.85 

4.17 

3.92 

113.5 

15 

5.04 

4.69 

7.67 

1 .45 

3.38 

3.99 

112.5 

18 

4.27 

4.42 

6.31 

1.21 

1 .88 

2.1 

106.8 

21 

— 

~ 

6.34 

2.27 

0 

1.1 

100 

24 

4.34 

3.02 

5.12 

1.53 

0 

0.54 

61.1 

27 

1 .08 

1.12 

2.16 

0.14 

0.03 

0.17 

37.5 

30 

0.49 

0.25 

0.35 

0.04 

0 

0 

34 

33 

0 

0 

— 

0 

0 

0 

32.2 

36 

0.34 

0.52 

1.05 

0.15 

0 

0 

40.6 

39 

0.76 

1 

1.74 

0.28 

0.09 

0.04 

45.6 

42 

0.71 

0.67 

1.7 

0.41 

0.41 

•• 

48.9 

45 

0.44 

— 

0.55 

1.49 

0.29 

0 

44.6 

48 

— 

— 

0 

0.26 

0 

0 

40.3 

51 

0.95 

— 

0.65 

0.45 

0 

36 

54 

0.39 

0.3 

0 

0 

0 

0.07 

31.5 

57 

0 

0 

0 

0 

0 

0 

27.1 

60 

0.02 

0 

0.11 

0 

0 

0.07 

22.1 
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GILT  #3044  72  iig/kg  MCYST-A  1v 

Time  -  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  and  Kid2  ■  kidney  perfusion  measured  from  2  TPD  (temperature  pulse  decay) 
probes  in  ml /min  gm. 

Livl,  L1v2,  L1v3,  and  L1v4  -  liver  perfusion  measured  from  4  TPD  probes  in 
ml /min  gm. 

AoM  -  aortic  mean  pressure  in  mmHg. 

—  «  dat'.  not  available. 

Note:  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data  and  are  presented  in  a  graph  which 
fol lows . 


Time 

Kidl 

Kid2 

Livl 

Liv2 

Liv3 

LI  v4 

AoM 

-27 

4.39 

6.29 

2.59 

2.39 

4.07 

2.03 

110.9 

-24 

4.51 

5.33 

— 

2.51 

4.23 

1 .26- 

109.6 

-21 

4.37 

6.19 

2.57 

2.76 

4.4 

2.01 

111.2 

-18 

3.69 

4.89 

2.06 

3.02 

4.17 

2.46 

104.9 

-15 

4.12 

— 

1.87 

2.63 

4.5 

1.75 

108.4 

-12 

4.3 

6.01 

2.62 

3.11 

4.92 

1.66 

112.6 

-9 

3.35 

3.59 

1.34 

3.86 

6.05 

2.39 

109.6 

-6 

4.28 

4.65 

1.92 

2.9 

4.98 

1.18 

109.7 

-3 

4.26 

6.68 

2.87 

3.57 

4.22 

1.05 

111.5 

0 

3.76 

4.03 

1.65 

3.45 

5.13 

1.71 

108.9 

3 

3.39 

4.73 

1.89 

3.79 

5.27 

1.78 

117.7 

6 

3.99 

4.65 

1.72 

2.71 

5.65 

0.86 

109.3 

9 

2.87 

4.16 

1.38 

2.67 

5.18 

1.46 

109.7 

12 

3.74 

5.2 

1.62 

2.07 

2.88 

0.94 

104.9 

15 

3.24 

4.51 

1.47 

1.23 

2.97 

1.01 

92.2 

18 

1.92 

1.39 

0 

0.34 

0.69 

62.7 

21 

0.72 

— 

0 

0.97 

1.01 

1.02 

52 

24 

0.43 

— 

0.1 

1.23 

0.62 

1.3 

49 

27 

0.97 

1.58 

1.61 

2.11 

0.64 

2 

53.3 

30 

0.55 

1 .22 

1.39 

1.62 

0.27 

1 .81 

51 .9 

33 

— 

2.38 

0.71 

1.31 

0 

1.12 

48 

36 

0.43 

— 

0.44 

0.68 

0 

0.64 

48.6 

39 

0 

— 

0.58 

0.4 

0.05 

0.9 

50.3 

42 

0.98 

2.84 

0.09 

0.38 

0 

0.88 

49.6 

45 

0.13 

— 

0 

0.19 

0 

0.61 

47.9 

48 

0.51 

0.41 

0 

0 

0 

0.6 

45.6 

51 

0.05 

4.01 

0 

0.53 

0 

0.23 

49.5 

54 

— 

— 

0.08 

0.41 

0 

0.05 

37.7 

57 

0.32 

— 

0 

0.14 

0.22 

0.3 

32 

60 

0 

— 

~ 

0 

— 

0.36 

17.3 
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GILT  #3132  72  pg/kg  MCYST-A  1v 

Time  ■  minutes  in  relation  to  the  dose  of  MCYST-A. 

Kidl,  Kid2,  and  Kid3  -  kidney  perfusion  measured  from  3  TPD  (temperature  pulse 
decay)  probes  In  ml /min  gm. 

Livl  and  L1v2  -  liver  perfusion  measured  from  2  TPD  probes  In  ml /min  gm. 

AoM  -  aortic  mean  pressure  in  mmHg. 

—  =  data  not  available. 

Note :  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


lime _ KIdJ _ K1d2 _ Kld3 _ Uvl _ Uy2 _ AoM 


-27 

-24 

-21 

-18 

-15 

-12 

-9 

-6 

-3 

0 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

36 

39 

42 

45 

48 

51 

54 

57 

60 

63 

66 


6.1 

6.03 

5.99 

5.85 
5.55 
5.44 
5.63 
5.39 

5.86 
6.4 

5.8 
5.6 
6.21 
5.39 
4.88 
5.43 
5.06 
5.55 
4.91 

4.53 
4.65 

4.37 
4.09 

3.37 
3.12 
2.46 
2.19 

2.36 

1.9 

1.54 
2.08 


6.29 

5.87 
5.83 
5.72 

4.87 
5.37 
5.27 

5.29 
5.68 
6.08 

5.91 
5.25 
6.18 
4.94 
4.6 
5.08 
4.48 
5.66 

5.17 
5.33 
6.03 

4.92 
5.35 
4.21 
4.62 
3.52 
3 

4.17 
3.84 
2.86 
4.2 


4.47 

3.99 

4.23 

3.79 

3.37 
3.43 
3.15 
3.45 
4.26 
4.11 
3.93 

3.41 
4.51 
2.95 

2.63 
3.14 
2.68 
4.97 

4.5 

4.42 

4.64 

3.38 
3.01 
2.54 
2.53 

1.5 
0.82 

3.32 

2.9 

2 

2.95 


2.9 

2.68 

2.68 

2.62 

3.12 

2.65 

2.76 

2.7 

3.06 

2.96 

2.61 

3 

2.82 

2.65 

2.53 

2.07 

2.44 

1.23 

1.02 

0.49 

1.38 

0.93 

0.75 

0.73 

0.75 

0.7 

0.66 

0.79 

0.73 

0.69 

0.46 

0.65 


2.86 

2.62 

2.22 

2.61 

2.67 

2.11 

2.5 

2.1 

2.27 

2.34 

1.95 
2.02 
2.65 
2.36 
1.57 
1.89 

1.96 
1.15 
0.92 
0.44 
1.47 
1.18 
0.8 
0.82 
0.95 
0.84 
1.01 
0.82 
0.81 
0.89 
0.52 
0.8 


110.9 

109.6 
108 

107.7 

90.8 

107.4 

106.7 

104.4 

104.9 

105.7 

109.2 

109.5 

111.6 

108.2 

107.1 

108.7 

105.2 

102.2 

101.3 

97 

74.2 

62.7 

61 .8 

65.9 

61.8 
68.8 
61  .8 
65, 

60 

60.4 

57.2 

57.5 


m 
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GILT  #3183  72  pg/kg  MCYST-A  1v 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl  ■  kidney  perfusion  measured  from  1  TPD  (temperature  pulse  decay)  probe  In 
ml /min  gm. 

Livl,  L1v2.  L1v3,  and  L1v4  -  liver  perfusion  measured  from  4  TPD  probes  In 
ml /min  gm. 

AoM  ■  aortic  mean  pressure  in  mmHg. 

—  -  data  not  available. 

Note :  The  organ  perfusion  and  blood  pressure  parameters  were  measured  every  6 
minutes  from  222  to  300  minutes  postdosing.  Half  of  the  3-m1nute  averages 
presented  In  this  raw  data  from  222  to  300  minutes  are  means  of  the  2  closest 
6-m1nute  values.  Example:  The  261-minute  organ  perfusion  and  blood  pressure 
values  were  derived  by  taking  the  mean  of  the  data  collected  at  258  and  264 
minutes.  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Llvl 

Liv2 

Liv3 

Li  v4 

AoM 

-27 

6.34 

3.7 

1.79 

2.8 

3.62 

103.7 

-24 

6.04 

3.65 

1.36 

3.25 

3.92 

105.1 

-21 

5.52 

1.55 

2.2 

3.94 

100.8 

-18 

5.21 

4.14 

1.47 

2.91 

3.17 

96.8 

-15 

6.32 

3.31 

1.79 

3.05 

4.15 

99 

-12 

6.15 

3.84 

1 .4 

3.67 

3.78 

100.9 

-9 

6.27 

3.64 

1.54 

2.91 

3.61 

104.3 

-6 

6.07 

3.17 

1.47 

3.2 

3.4 

103.1 

-3 

5.57 

3.99 

1.25 

3.42 

3.12 

105.1 

0 

6.04 

3.05 

1.4 

3.79 

4.13 

108 

3 

7.22 

4 

1.48 

3.92 

2.96 

110.3 

6 

6.79 

2.41 

1.23 

3.08 

3.22 

109.5 

9 

5.98 

2.5 

1 .28 

3.77 

3.06 

107.1 

12 

5.57 

4.35 

1.7 

3.61 

3.22 

103.2 

15 

5.92 

3.66 

1.25 

3.69 

3.45 

105 

18 

5.08 

1.73 

1.1 

0.92 

3.34 

102.1 

21 

6.14 

2.83 

1.21 

2.59 

3.22 

97.6 

24 

5.55 

2.12 

1.09 

1.18 

2.57 

103.2 

27 

5.28 

1.85 

1 .04 

1 .44 

3.09 

99 

30 

4.89 

0.87 

0.87 

0.3 

1 .86 

99.9 

33 

5.35 

1 .08 

0  65 

0 

2.15 

99.9 

36 

5.03 

1.01 

0.96 

0.74 

2.29 

97.4 

39 

4.29 

1.01 

0.78 

0 

1.89 

98.2 

42 

4.09 

0.75 

0.89 

2.22 

2.57 

96.8 

45 

3.63 

0.87 

1 .01 

0 

2 

94.4 

48 

3.43 

— 

0.91 

0.54 

0.54 

71 
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I 


Time 


51 

54 

57 

60 

63 

66 

69 

72 

75 

78 

81 

84 

87 

90 

93 

96 

99 

1C2 

105 

108 

111 

114 

117 

120 

123 

126 

129 

132 

135 

138 
141 
144 
147 
150 
153 
156 
159 
162 
165 
168 
171 
174 
177 
180 
183 
186 

139 
192 
195 


Kid] _ 


3.74 

2.27 

2.21 

1.14 

2.24 

1.89 

1.3 

1.05 

3.39 

1.94 

0 

1.08 

0.5 

1 .23 

2.03 

1  .08 

1.5 

0.92 

1.88 

1.29 

0.77 

0.67 

2.43 

1 .05 

1.57 

" 

1.78 

0.16 

1.47 

0.59 

1.95 

0.65 

2.01 

0.7 

3.93 

1.22 

— 

2.05 

4.07 

1.35 

2.25 

1.19 

1.16 

0.83 

2.31 

1.15 

5.17 

1.64 

1.73 

0.67 

0.32 

0.74 

2.93 

1.11 

1.46 

0.86 

4.76 

1.66 

3.91 

1 .65 

1.39 

0.86 

0.1 

1.17 

0 

1.11 

0.57 

0.59 

0.47 

0.72 

0 

1.11 

0.17 

1.15 

0.58 

0.81 

0.68 

1.62 

0 

0.97 

0.64 

0.52 

0.49 

0.75 

0.49 

0.86 

0.67 

0.9 

0 

0.52 

0 

.  0.71 

Uv2 _ 


0.83 

2.44 

0.34 

••• 

1.24 

1.68 

0.81 

0 

1.63 

1.2 

0.8 

0 

1.05 

0 

1.03 

0 

0.99 

0 

1.55 

0.51 

0.61 

1.57 

0.58 

2.96 

2 

1.87 

0.22 

1.44 

0 

1.75 

0 

1.68 

0 

2.07 

0 

3.45 

1.29 

4.35 

2.23 

3.93 

2.62 

2.34 

0.54 

1.84 

0 

2.02 

0 

3.78 

2.68 

1.75 

0 

1.62 

0 

2.85 

0.89 

1.29 

... 

4.04 

2.04 

4.52 

2.74 

1.93 

0 

3.62 

1.29 

4.37 

2.89 

2.14 

2.24 

0.95 

2.77 

0.14 

3.24 

0.3 

1.74 

0  ' 

4.21 

2.58 

1.72 

0.8 

1.21 

0 

2.38 

0 

2.96 

0.04 

1.74 

0 

1.59 

Liv4 

1.57 

AoM 

59.7 

0.53 

55.2 

1.25 

62 

0.69 

53.6 

1.71 

55 

0.77 

54.2 

1.01 

53.3 

1.02 

52.3 

— 

57 

— 

53.7 

0.65 

49.1 

1.29 

53 

0.38 

50.6 

1.31 

51.1 

0 

46.7 

0 

48.3 

0 

44.6 

0 

45.4 

0 

46 

0.24 

43.8 

1.42 

43.8 

2.97 

50.6 

2.21 

46.5 

0.44 

45.6 

0 

41.7 

0.64 

50.1 

2.3 

46.2 

0.23 

46.5 

0 

47.1 

1.24 

42.4 

0.14 

49.6 

2.58 

47.5 

3.7 

44.7 

0.08 

49.7 

1.25 

49.4 

2.31 

47.7 

0.66 

43.2 

1 .08 

44 

1 .09 

46 

1 .44 

44.5 

0.45 

44.2 

3.89 

44.2 

0.5 

46 

0 

47.5 

0 

47.1 

1 

42.4 

2.05 

42.2 

0.23 

40.7 

0 

39.1 

I 


i 
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Time 

Kidl 

Livl 

Liv2 

L1v3 

Liv4 

AoM 

198 

0 

0.75 

2.09 

0.47 

0.73 

39.3 

201 

0 

0.85 

2.98 

0 

1.3 

40.9 

204 

0.06 

0.96 

2.25 

0.12 

1.03 

40. A 

207 

0.37 

1 .05 

2.01 

0 

0 

41.5 

210 

0.09 

1.15 

2.06 

0 

0.16 

41.8 

213 

0 

1.15 

2.33 

0 

0.18 

42.6 

216 

0 

1.1 

2.73 

0 

0.06 

45.2 

219 

0.07 

1 .04 

1.94 

0 

0.57 

43.1 

222 

0.08 

1.21 

2.89 

1 .69 

0.98 

42.1 

225 

0.04 

1.11 

2.82 

1 .09 

1 

42 

228 

0 

1 .01 

2.75 

0.48 

1.02 

41.8 

231 

0.09 

1 .28 

2.65 

0.32 

0.94 

41 .8 

234 

0.17 

1.55 

2.54 

0.15 

0.85 

41.7 

237 

0.09 

1 .49 

2.01 

0.08 

0.43 

41.8 

240 

0 

1.42 

1.47 

0 

0 

41.8 

243 

0 

1 .46 

2.04 

0.63 

0.8 

41.5 

246 

0 

1.5 

2.61 

1.25 

1.6 

41.1 

249 

0 

1 .47 

2.29 

0.63 

0.96 

40.8 

252 

0 

1 .44 

1.96 

0 

0.32 

40.4 

255 

0 

1.34 

2.13 

0.04 

0.61 

43.1 

258 

0 

1 .23 

2.3 

0.08 

0.89 

45.8 

261 

0.18 

1.25 

2.06 

0.04 

0.58 

43.9 

264 

0.35 

1 .27 

1.82 

0 

0.27 

42 

267 

0.18 

1.26 

2.12 

0.12 

0.97 

42.5 

270 

0 

1.24 

2,42 

0.23 

1.67 

43 

273 

0 

1.23 

1.81 

0.12 

0.86 

41.8 

276 

0 

1.21 

1.19 

0 

0.05 

40,7 

279 

0 

1 .06 

1.65 

0 

0.37 

40 

282 

0 

0.91 

2.1 

0 

0.69 

39.4 

285 

0.15 

1.11 

1.96 

0 

0.59 

38.7 

288 

0.29 

1.31 

1.81 

0 

0.49 

38 

291 

0.15 

1 .32 

1.65 

0 

0.25 

35.8 

294 

0 

1.32 

1.49 

0 

0 

33.5 

297 

0 

1.15 

1.8 

0 

0,65 

35 

300 

0 

0.98 

2.1 

0 

1.29 

36.6 
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GILT  #3306  72  pg/kg  MCYST-A  1v 

Time  ■  minutes  In  relation  to  the  dose  of  MCYST-A. 

Kidl,  Kid2,  and  K1d3  ■  kidney  perfusion  measured  from  1  TPD  (tsmperature  pulse 
decay)  probe  in  ml /min  gm. 

Livl,  L1v2.  and  L1v3  -  liver  perfusion  measured  from  3  TPD  probes  in  ml /min  gm. 
AoM  ■  aortic  mean  pressure  In  mmHg. 

—  *  data  not  available. 

Note:  Six-minute  means  for  hepatic  and  renal  perfusion  and  arterial  mean 
pressure  were  calculated  from  this  raw  data. 


Time 

Kidl 

Livl 

L1v2 

Liv3 

AoM 

-27 

3.1 

2.43 

3.25 

3.33 

113.7 

-24 

2.66 

2.79 

3.2 

3.33 

114.5 

-21 

3.83 

2.22 

4.66 

3.05 

111.1 

-18 

2.3 

2.67 

2.67 

2.49 

114.3 

-15 

2.93 

2.5 

2.98 

3.14 

113.6 

-12 

2.73 

2.3 

3.19 

2.67 

114.7 

-9 

2.99 

2.59 

3.48 

3.61 

114 

-6 

2.38 

2.61 

2.98 

1.17 

116. 9 

-3 

1.72 

3.61 

2.61 

1.88 

116.5 

0 

4.18 

2.41 

4.08 

116.2 

3 

1.17 

3.17 

1.65 

1.71 

124.2 

6 

3.58 

1.32 

3.38 

2.16 

120.9 

9 

— 

2.62 

2.67 

2.11 

119.1 

12 

2.55 

2.43 

3.84 

3.26 

120.2 

15 

3.19 

2.92 

2.97 

4.1 

117.3 

18 

2.83 

3.06 

2.59 

2.47 

116.1 

21 

1.33 

3.84 

2.06 

2.16 

110.9 

24 

0 

3.86 

1.51 

1.89 

108.1 

27 

0 

2.93 

1.48 

0 

96.2 

30 

2.74 

2.99 

1.04 

1.17 

84.9 

33 

1.34 

3.09 

0 

0.16 

70.3 

36 

1.32 

4.63 

0.94 

2.37 

76.1 

39 

0 

3.23 

0 

1.06 

56.7 

42 

1.7? 

3.5 

2.33 

0.99 

63.3 

45 

0 

2.96 

0 

0 

50.7 

48 

0 

3.05 

0.18 

0 

45 

51 

0.09 

2.1 

0.42 

0 

42.2 

54 

0 

1.87 

0.56 

0 

43.8 

57 

0 

2.17 

0.24 

1.48 

41.1 

60 

0.36 

1 .44 

0.51 

1.02 

39.6 

63 

0.21 

0.82 

0.03 

0.27 

35.2 

66 

0 

0.76 

0.44 

0.09 

34.6 
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Time 

Kidl 

Livl 

Liv2 

L1v3 

AoM 

69 

0 

1.32 

0.39 

0 

32.8 

72 

0 

0 

0 

29.9 

75 

0 

0.72 

0 

0 

28.4 

78 

0 

0.63 

0 

0 

26.4 

81 

0 

0.43 

0 

0 

23.9 

84 

0 

0.37 

0 

0 

19.8 

VRB;nb/37 

12/12/88 


-  242  - 

APPENDIX  TO  SECTION  XIII 


NT  - 

no  treatment. 

NA  - 

not  available. 

TOX  - 

55  jig/kg  of  mIcrocystIn-A  Ip  on 

3/30/87. 

TOX  - 

75  ng/kg  of  microcystIn-A  Ip  on 

4/2/87. 

VEH  - 

vehicle  at  equivalent  amounts  as 

toxin-treated  mice 

TRT  GRP  . 

treatment  group 

WT  - 

weight. 

SURV  TIME  (min) 

-  survival  time  1n  minutes. 

g  »  grams. 

t-bw  »  organ  weight  as  a  percentage  of  live  body  weight, 

in-bw  »  natural  log  of  the  X-bw. 

IDENT  «  Identification  (cage  and  color). 

column  mean  plus  or  minus  the  standard  deviation. 


Means  +  SO 
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CONTROL 


IDENT 

3/30/87 

TRT  WT 

GRP  (q) 

4/2/87 

TRT  WT 

GRP  <q> 

SURV 

TIME 

(min) 

KIDNEY  WEIGHTS 
qrams  X-bw  In-bw 

LIVER  WEIGHTS 
qrams  X-bw  In-bw 

15-GRE 

NT 

NA 

VEH 

32.34 

1445 

0.39 

1.21 

0.187 

1.70 

5.26 

1 .659 

15-BLU 

NT 

NA 

VEH 

29.97 

1449 

0.35 

1.17 

0.155 

1.66 

5.54 

1 .71? 

15-ORA 

NT 

NA 

VEH 

36.83 

1452 

0.45 

1.22 

0.200 

2.07 

5.62 

1.726 

15-PUR 

NT 

NA 

VEH 

35.07 

1455 

0.45 

1.28 

0.249 

1.95 

5.56 

1.716 

15-BRO 

NT 

NA 

VEH 

35.68 

1458 

0.45 

1 .26 

0.232 

1.65 

4.62 

1.531 

15-RED 

NT 

NA 

VEH 

31.42 

1463 

0.37 

1.18 

0.163 

1.53 

4.87 

1.583 

1 4-GRE 

VEH 

31.49 

VEH 

32.76 

5992 

0.36 

1.10 

0.094 

1.67 

5.10 

1.629 

14-ORA 

VEH 

32.28 

VEH 

34.46 

6003 

0.39 

1.13 

0.124 

2.04 

5.92 

1.778 

1 4-PUR 

VEH 

30.52 

VEH 

32.73 

6005 

0.45 

1.37 

0.318 

1 .82 

5.56 

1.716 

14-BRO 

VEH 

32.28 

VEH 

34.46 

6011 

0.50 

1.45 

0.372 

1.86 

5.40 

1.686 

14-RED 

VEH 

31 .44 

VEH 

34.14 

6015 

0.38 

1.11 

0.107 

‘1.72 

5.04 

1.617 

1 3-GRt 

VEH 

29.15 

VEH 

30.96 

1467 

0.38 

1.30 

0.265 

1.56 

5.04 

1.617 

13-BLU 

VEH 

31.19 

VEH 

33.42 

1470 

0.41 

1.23 

0.204 

1.94 

5.80 

1.759 

13-ORA 

VEH 

30.94 

VEH 

32.75 

1474 

0.41 

1.25 

0.225 

1.74 

5.31 

1.670 

13-PUR 

VEH 

29.21 

VEH 

30.49 

1478 

0.37 

1.21 

0.194 

1.54 

5.05 

1.620 

1 3-BRO 

VEH 

29.89 

VEH 

30.95 

1480 

0.34 

1.10 

0.094 

1.79 

5.78 

1.755 

1 3-RED 

VEH 

30.96 

VEH 

33.03 

1483 

0.35 

1.06 

0.058 

1.79 

5.42 

1.690 

Means 

0.191 

1.674 

+  SD 

0.0833 

0.0676 
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PERACUTE  DEATH 


3/30/87 
TRT  WT 


4/2/87 
TRT  WT 


SURV 

TIME 


KIDNEY  WEIGHTS 


LIVER  WEIGHTS 


IDENT 

GRP 

<g) 

GRP 

<g) 

(min) 

grams 

%-bw 

In-bw 

grams 

X-bw 

In-bw 

19-GRE 

NT 

NA 

TOX 

30.00 

149 

0.49 

1.63 

0.491 

2.39 

7.97 

2.075 

1S-BLU 

NT 

NA 

TOX 

29.83 

151 

0.45 

1.51 

0.411 

2.27 

7.61 

2.029 

1 9-ORA 

NT 

NA 

TOX 

33.95 

158 

0.F2 

1.53 

0.426 

2.88 

8.48 

2.138 

19-PUR 

NT 

NA 

TOX 

31 .74 

149 

0.51 

1.61 

0.474 

2.46 

7.75 

2.048 

1 9-BRO 

NT 

NA 

TOX 

31.83 

145 

0.40 

1.25 

0.228 

2.30 

7.23 

1 .978 

19-RED 

NT 

NA 

TOX 

31.95 

133 

0.47 

1.47 

0.386 

2.60 

8.14 

2.097 

18-GRE 

NT 

NA 

TOX 

31.45 

98 

0.53 

1.69 

0.522 

2.71 

8.62 

2.154 

18-BLU 

NT 

NA 

TOX 

34.62 

109 

0.46 

1.33 

0.284 

2.82 

8.15 

2.097 

1 S-  noA 

NT 

NA 

TOX 

30.86 

121 

0.40 

1.30 

0.259 

2.49 

8.07 

2.088 

18-PUR 

NT 

NA 

TOX 

31.48 

151 

0.41 

1.30 

0.264 

2.60 

8.26 

2.111 

18-BRO 

NT 

NA 

TOX 

31.55 

117 

0.43 

1 .36 

0.310 

2.42 

7.67 

2.037 

18-RED 

NT 

NA 

TOX 

32.36 

119 

0.47 

1 .45 

0.373 

2.72 

8.41 

2.129 

17-GRE 

NT 

NA 

TOX 

31 .23 

162 

0.44 

1 .41 

0.343 

2.44 

7.81 

2.056 

17-BLU 

NT 

NA 

TOX 

34,  16 

200 

0.52 

1 .53 

0.423 

2.55 

7.49 

2.013 

17-ORA 

NT 

NA 

TOX 

31.52 

119 

0.4rf 

1.52 

0.421 

2.86 

9.07 

2.205 

17-PUR 

NT 

NA 

TOX 

30.73 

175 

0.43 

1 .40 

0.336 

2.39 

7.78 

2.051 

17-BRO 

NT 

NA 

TOX 

32.54 

138 

0.50 

1.54 

0.430 

2.67 

8.21 

2.105 

17-RED 

NT 

NA 

TOX 

33.73 

145 

0.45 

1.33 

0.288 

2.45 

7.26 

1.983 

16-GRE 

NT 

NA 

TOX 

32.52 

165 

0.44 

1.35 

0.302 

2.57 

7.90 

2.067 

16-BLU 

NT 

NA 

TOX 

30.57 

129 

0.48 

1.57 

0.451 

2.68 

8.77 

2.171 

16-ORA 

NT 

NA 

TOX 

34.18 

102 

0.49 

1.43 

0.360 

2.82 

8.25 

2.110 

16-PUR 

NT 

NA 

TOX 

34.44 

147 

0.43 

1.25 

0.222 

2.73 

7.93 

2.070 

16-BRO 

NT 

NA 

TOX 

30.46 

116 

0.46 

1.51 

0.412 

2.44 

8.01 

2.081 

16-RED 

NT 

NA 

TOX 

29.79 

150 

0.52 

1.75 

0.557 

2.55 

8.56 

2.147 

Mean 

2.085 

t  SO 

+ 

0.0566 

03-0RA 

TOX 

31.51 

121 

0.46 

1 .46 

0.378 

2.30 

7.30 

1.988 

03-8RO 

TOX 

30.52 

_ — 

152 

0.37 

1 .21 

0.193 

2.07 

6.78 

1.914 

03-RED 

TOX 

29.42 

— 

158 

0.41 

1.39 

0.332 

2.32 

7.89 

2.065 

02-0RA 

TOX 

30.46 

— 

- - 

162 

0.41 

1.35 

0.297 

2.37 

7.78 

2.052 

06-BRO 

TOX 

31.32 

— 

— 

163 

0.46 

1.47 

0.384 

2.50 

7.98 

2.077 

08-0RA 

TOX 

28.48 

- - 

171 

0.44 

1.54 

0.435 

2.29 

8.04 

2.085 

08-RED 

TOX 

31.55 

- - 

179 

0.48 

1.52 

0.420 

2.46 

7.80 

2.054 

07-GRE 

TOX 

28.17 

197 

0.37 

1.31 

0.273 

2.05 

7.28 

1.985 

05-BLU 

TOX 

32.22 

— 

— 

287 

0.46 

1.43 

0.356 

2.35 

7.29 

1.987 

Mean 

2.023 

*  SD 

+ 

0.0572 
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PERACUTE  DEATH  (continued) 


3/30/87  4/2/87  SURV 

TRT  WT  TRT  WT  TIME  KIDNEY  HEIGHTS  LIVER  HEIGHTS 

IDENT  GRP  (q)  GRP  (q)  (min)  grams  1-bw  In-bw  grams  %-bw  1n-bw 


09-GRE 

VEH 

09-eLU 

VEH 

09-0RA 

VEH 

09-PUR 

VEH 

09-BR0 

VEH 

09-RED 

VEH 

10-BLU 

VEH 

lO-ORA 

VEH 

lO-BRO 

VEH 

10-RED 

VEH 

11-GRE 

VEH 

11-BLU 

VEH 

1 1  -ORA 

VEH 

11-BRO 

VEH 

12-GRE 

VEH 

12-ORA 

VEH 

12-PUR 

VEH 

12-BRO 

VEH 

12-RED 

VEH 

Mean 

±  SO 

Oo-PUR 

TOX 

06-BLU 

TOX 

Oa-BLU 

TOX 

08-PUR 

TOX 

05-GRE 

TOX 

05-0RA 

TOX 

05- PUR 

TOX 

03-PUR 

TOX 

01-GRE 

TOX 

01 -ORA 

TOX 

02-GRE 

TOX 

02-PUR 

TOX 

04-GRE 

TOX 

04-ORA 

TOX 

04- RED 

TOX 

Means 

♦  SD 

31.99  TOX 
30.16  TOX 
27.61  TOX 

31.59  TOX 

28.30  TOX 

32.18  TOX 
29.96  TOX 

33.82  TOX 
31.90  TOX 
28.07  TOX 
29.55  TOX 
29.29  TOX 
31.21  TOX 
29.28  TOX 
29.00  TOX 

27.59  TOX 
30.38  TOX 
29.11  TOX 
26.73  TOX 


27.42  TOX 
29.47  TOX 

29.42  TOX 

30.41  TOX 

30.28  TOX 
28.20  TOX 

30.30  TOX 
20.69  TOX 
31.34  TOX 
29.80  TOX 
29.23  TOX 

30.29  TOX 
31.97  TOX 

33.42  TOX 
30.89  TOX 


33.54  126 

31.19  154 

23.84  129 

34.43  139 

31.26  156 

35.74  165 

32.07  135 

36.64  134 

36.08  138 

31.00  137 

32.16  192 

34.00  182 

33.25  169 

32.82  137 

31.26  148 

30.13  137 

33.01  154 

30.99  133 

27.82  155 


29.09  263 

31.20  181 
30.89  194 
33.05  172 
32.10  192 
29.04  229 
31.62  174 
30.32  319 

33.42  184 
31.38  189 
29.12  192 
32.37  286 

33.31  197 
34.91  203 

32.43  246 


0.53  1.58 
0.44  1.41 
0.44  1.53 
0.46  1.34 
0.45  1.44 
0.47  1.32 
0.50  1.56 
0.50  1.36 
0.42  1.16 
0.45  1.45 
0.48  1.49 
0.52  1.53 
0.49  1.47 
0.45  1.37 
0.47  1.50 
0.49  1.63 
0.45  1.36 
0.46  1.58 
0.45  1.62 


0.44  1.51 
0.47  1.51 
0.52  1.68 
0.51  1.54 
0.43  1.34 
0.43  1.48 
0.42  1.33 
0.49  1.62 
0.45  1.35 
0.44  1.40 
0.49  1.68 
0.50  1.54 
0.49  1.45 
0.51  1.46 
0.44  1.36 


0.455  2.68 
0.344  2.41 
0.422  2.23 
0.290  2.62 
0.364  2.45 
0.274  2.83 
0.444  2.43 
0.311  2.51 
0.152  2.70 
0.373  2.38 
0.400  2.47 
0.425  2.79 
0.388  2.66 
0.316  2.49 
0.408  2.41 
0.486  2.42 
0.310  2.57 
0.458  2.82 
0.481  2.28 


0.414  2.30 

0.410  2.85 

0.521  2.78 

0.434  2.71 

0.292  2.73 

0.393  2.59 

0.284  2.82 

0.480  2.40 

0.298  2.86 

0.338  2. ■'4 

0.520  2.38 

0.435  2.80 

0.368  2.99 

0.379  3.31 

0.305  2.63 

0.373 

0.0844 


7 

.97 

2 

.075 

7 

.73 

2 

.045 

7 

.73 

2 

.045 

7 

.61 

2 

.029 

7 

.84 

2 

.059 

7 

.92 

2 

.069 

7 

.58 

2 

.025 

6 

.85 

1 

.924 

7 

.48 

2 

.013 

7 

.68 

2 

.038 

7 

.68 

2 

.039 

8 

.21 

2 

.105 

8 

.00 

2 

.079 

7 

.59 

2 

.026 

7 

.71 

2 

.042 

8. 

.03 

2 

.083 

7, 

.79 

2 

.052 

9, 

,10 

2 

.208 

8. 

,20 

2, 

,104 

2. 

,056 

+ 

0.0540 

7. 

91 

2. 

068 

9. 

13 

2. 

212 

9. 

00 

2. 

197 

8. 

20 

2. 

104 

8. 

50 

2. 

141 

8. 

92 

2. 

188 

8. 

92 

2. 

188 

7. 

92 

2. 

069 

8. 

56 

2. 

147 

8. 

73 

2. 

167 

8. 

17 

2. 

101 

8. 

65 

2. 

158 

8. 

82 

2. 

177 

9. 

48 

2. 

249 

8. 

11 

2. 

093 

2. 

151 

+  0.0541 

KIDNEY  WEIGHTS 


(min)  arams  I-bw  in-bw 


LIVER  WEIGHTS 


rams  I-bw  in-bw 


02-BRO 

TOX 

30.71 

TOX 

32.54 

2928 

0.40 

1.23 

0.206 

2.02 

6.21 

1  .826 

04-BLU 

TOX 

28.54 

TOX 

30.48 

2953 

0.42 

1.38 

0.321 

2.17 

7.12 

1  .963 

04-BRO 

TOX 

30.94 

TOX 

32.26 

3217 

0.41 

1.27 

0.240 

2.24 

6.94 

1.938 

06-RED 

TOX 

30.20 

TOX 

33.05 

3391 

0.39 

1.18 

0.166 

2.28 

6.90 

1  .931 

03-BLU 

TOX 

31 .08 

TOX 

30.75 

3830 

0.40 

1.30 

0.263 

1 .87 

6.08 

1  .805 

04-PUR 

TOX 

29.85 

TOX 

32.10 

3909 

0.39 

1.21 

0.195 

2.46 

7.66 

2.036 

05-BRO 

TOX 

29.46 

TOX 

31.65 

4864 

0.50 

1.58 

0.457 

2.03 

6.41 

1  .858 

02- RED 

TOX 

30.68 

TOX 

32.21 

5357 

0.37 

1.15 

0.139 

1.92 

5.96 

1.785 

Means  0.248  1.893 

■c  SD  -t-  0.1018  +  0.0878 


SURVIVOR 


IDENT 

3/30/87 

TRT  WT 

GRP  (q) 

4/2/87 

TRT  WT 

GRP  (q) 

SURV 

TIME 

(min) 

KIDNEY  WEIGHTS 
qrams  t-bw  In-bw 

LIVER  WEIGHTS 
qrams  I-bw  In-bw 

11 -RED* 

VEH 

28.02 

TOX 

28.94 

5951 

0.38 

1.31 

0.272 

1 .81 

6.25 

1.833 

12-BLU* 

VEH 

27.75 

TOX 

30.66 

5911 

0.40 

1.30 

0.266 

1.79 

5.84 

1.764 

Mean 

1.799 

±  SD 

+ 

0.0488 

01-BLU 

TOX 

30.28 

TOX 

30.59 

5830 

0.31 

0.98 

-0.019 

2.08 

6.80 

1.917 

07-BLU 

TOX 

32.15 

TOX 

34.27 

5904 

0.43 

1.25 

0.227 

2.39 

6.97 

1.942 

07-0RA 

TOX 

28.68 

TOX 

31.57 

5907 

0.35 

1.11 

0.103 

2.58 

8.17 

2.101 

07-PUR 

TOX 

28.85 

TOX 

31.57 

5910 

0.37 

1.17 

0.159 

2.46 

7.79 

2.053 

07-BRO 

TOX 

30.97 

TOX 

34.61 

5913 

0.42 

1.21 

0.194 

2.77 

8.00 

2.080 

08-GRE 

TOX 

31.27 

TOX 

35.58 

5951 

0.40 

1.12 

0.117 

2.70 

7.59 

2.027 

Ol-BRO* 

TOX 

29.76 

TOX 

29.53 

5829 

0.40 

1.35 

0.303 

1 .74 

5.85 

1.766 

Means 

0.180 

1.984 

i  SD 

+ 

0.1021 

+ 

0.1178 

*  -  did 

not 

show  any 

111 

effects 

14-BLU 

VEH 

30.26 

VEH 

31.17 

5996 

0.28 

0.90 

-0.107 

1.28 

4.11 

1.413 

Removed 

from  study  due  to 

a  visibly  small  kidney. 

10-GRE 

VEH 

27.91 

TOX 

30.11 

5984 

0.43 

1.43 

0.350 

1.54 

5.11 

1.632 

Removed  from  study  due  to  highly  suspected  toxin  Injection  Into  urinary 
bladder. 
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